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INTRODUCTION 
Single-species toxicity tests provide valuable information 
concerning the levels and durations of exposure to a pesticide 
that will produce changes in survival rates, reproduction, 
physiology, and behavior within individuals of a test species. 
However, they may not accurately predict the response of a 
species in its natural environment, or the indirect effects 
resulting from impacts on other components of the ecosystem. 
Therefore, community or ecosystem level testing may be 
required to fully appreciate the ecological consequences 
resulting from the widespread use of a pesticide. Only a few 
studies have monitored the effects of pesticides at these 
levels of organization (Barrett 1968, Malone 1968, Giles 1970, 
Shu re 1971, Suttman and Barrett 1979), but this information, 
integrated with information collected at other levels, may be 
needed to adequately assess the potential hazards to various 
ecosystems. 
This study monitored the effects of a photostable synthetic 
pyrethroid insecticide, fenvalerate [Pydrin®, cyano(3-phenoxy-
benzyl)-methyl 4-chloro-a-(l-methylethyl)benzeneacetate], on 
nontarget arthropod and small mammal communities present in an 
old-field ecosystem, and the degradation and movement of its 
residues in vegetation, insects, and small mammals. This 
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habitat type was selected because of the diverse and abundant 
animal communities present. Also, it was representative of 
fencerows, grass waterways, and other field margins that would 
be exposed to fenvalerate directly or as drift during typical 
field applications. Since these habitats compose a large 
proportion of the wildlife habitat in areas of intense 
agricultural activity, it is important to understand the 
ecological consequences of using fenvalerate, as well as other 
agricultural chemicals. 
Although fenvalerate has been used on cotton since 1977, it 
was first registered for crop uses in Iowa during spring 1982. 
Due to its very effective insecticidal activity (Ohno et al. 
1976, Elliott 1980), the proposed application rates for 
fenvalerate (0.056 to 0.224 kg active ingredient (AI)/ha for 
most crops) are as much as an order of magnitude lower than 
that for other classes of insecticides. In contrast, 
fenvalerate possesses low to moderate toxicity to birds and 
mammals (Nakayama et al. 1979, Bradbury 1981), due in part to 
their ability to rapidly metabolize ingested material before 
it reaches sensitive sites (Soderlund and Casida 1977). This 
selective difference between insect and mammalian toxicity is 
true for most synthetic pyrethroids, making their relative 
safety clearly superior over carbamates and organophosphates 
(Elliott 1977). Fenvalerate is also extremely toxic to fish 
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(Coats and O'Donnell-Jeffery 1979) and aquatic invertebrates 
(Miura et al. 1977, Mulla et al. 1980), although its very low 
water solubility (85 ppb) and high affinity for soil 
substrates reduces the runoff potential from upland fields to 
aquatic environments (Coats and O'Donnell-Jeffery 1979, Ohkawa 
et al. 1980a, Hill 1981). 
The objective of this study was to expand our knowledge of 
the effects of fenvalerate on nontarget arthropods and mammals 
in a field environment, so that we can better predict its 
effects on other terrestrial wildlife. This dissertation is 
arranged in 3 parts which present the findings of the primary 
topics in this study--effects on the arthropod community, 
effects on the small mammal community, and degradation and 
movement of residues. 
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PART I. INFLUENCE OF FENVALERATE, A SYNTHETIC PYRETHROID 
INSECTICIDE, ON ARTHROPOD POPULATIONS IN 
AN OLD-FIELD ECOSYSTEM 
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INTRODUCTION 
Fenvalerate [Pydrin®, cyano(3-phenoxybenzyl)-methyl 4-
chloro-a-(1-methylethyl)benzeneacetate] belongs to a group of 
synthetic pyrethroids developed in the mid-1970s with 
sufficient photostability for agricultural use (Elliott 1975). 
It is characterized as a very effective broad spectrum 
insecticide (Ohno et al. 1976, Elliott 1980), with low to 
moderate toxicity to birds and mammals (Nakayama et al. 1979, 
Bradbury 1981) and a relatively short residual life in soils 
(Ohkawa et al. 1978, Williams and Brown 1979, Chapman and 
Harris 1981, Hill 1981) and on vegetation (Ohkawa et al. 
1980b, Hill et al. 1982). Several studies have demonstrated 
the efficacy of fenvalerate on various pest species such as 
the tobacco budworm, Heliothis virescens (Plapp 1981), 
bollworms (Jain et al. 1980), armyworm, Pseudaletia separata 
(Brempong-Yeboah et al. 1982), and a mosquito, Culex tarsalis 
(Miura et al. 1977). However, less is known about the effects 
on nontarget arthropods. Coats et al. (1979) found 
fenvalerate to be less toxic to ladybird beetles 
(Coccinellidae) than to chrysomelid pests, but more toxic to a 
hymenopteran parasitoid. Green lacewing larvae (Chrysopa 
carnea) are relatively tolerant of fenvalerate (Shour and 
Crowder 1980), but lacewings and other predators were 
eliminated in treated cotton fields (Roach and Hopkins 1981). 
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Nontarget aquatic organisms also were reduced or eliminated by 
fenvalerate (Miura et al. 1977, Nulla et al. 1980). 
This study monitored the response of a wide range of foliar 
and ground arthropods to experimental applications of 
fenvalerate on an old-field site. This site provided a 
diverse and abundant arthropod community not found in most 
agricultural monocultures. Also, the site was representative 
of fencerows, grass waterways, and other field margins that 
would be exposed to fenvalerate directly or as drift during 
typical field applications. These habitats are important 
overwintering and breeding sites for many pest arthropods, as 
well as feeding sites for many insectivorous vertebrate 
species. 
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MATERIALS AND METHODS 
Study Area 
This study was conducted on a 6.8-ha old-field area located 
14 km north of Ames, Iowa. Following a cover crop of oats in 
1978, the vegetation was allowed to re-establish through 
natural successional processes. Approximately 25% of the area 
consisted of permanent smooth brome (Bromus inermis) 
waterways, with the remainder vegetated by early successional 
growth dominated by meadow foxtail (Alopecurus pratensis), 
clovers, and broadleaf annuals. All vegetation, except the 
brome waterways, was mowed each year in late August for weed 
control. 
The study area was divided into six 1-ha plots separated by 
a 9-m wide fallow strip or, in the brome waterways, by a 60-cm 
high aluminum barrier buried to a depth of 10 cm (Figure 1). 
The fallow strips were disced periodically for weed control. 
The purpose of the fallow strips was to provide a visual and 
physical separation to discourage the daily flux of animals 
between plots. Three plots were randomly chosen to receive 
fenvalerate applications; three served as controls. 
Fig. 1. Six 1-ha study plots showing primary vegetation types 
(shaded = brome grass waterways; white = early 
successional cover) 
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Pesticide Application 
Pydrin^ was applied to the sprayed plots at the rate of 
0,112 kg active ingredient (AI)/ha (0.1 lbs/acre). 
Applications were made on June 9 and August 5, 1980, hereafter 
referred to as APl-80 and AP2-80, respectively, and on June 10 
and July 21, 1981, hereafter referred to as APl-81 and AP2-81, 
respectively. In both years the first application was made 
with a tractor-mounted tank sprayer, and the second with a 
high clearance sprayer, due to vegetation height. Wind 
conditions were calm during all applications except the first 
in 1980, when 10-15 mph northerly winds were present. Residue 
analysis of vegetation from control plots indicated that 
little or no drift occurred after applications (See Part III, 
herein.). 
Sample Collection and Analysis 
Foliar arthropods were collected with a 38-cm diameter 
sweep net. Population levels were monitored before and after 
each application, with 10 and 12 collecting dates in 1980 and 
1981, respectively. Each sample consisted of 10 sweeps 
through the canopy vegetation from a random starting point in 
^ Pydrin is the trade name for Shell Development Company 
insecticide SD43775 containing 0.288 kg fenvalerate/liter 
(2.4 lbs/gal) formulated as an emulsifiable concentrate 
(EC). 
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a random direction. Ten samples were collected from each plot 
in proportion to the coverage of the 2 primary habitat types 
(smooth brome or early successional cover). Samples were 
transferred to 4 liter (1 gal) killing jars containing a small 
amount of ethyl acetate, and stored in 60-ml bottles with 70% 
ethyl alcohol. Arthopods in each sample were identified to 
family or suborder in most cases. 
Ground arthropods were captured in 0.95-liter (1 quart) 
pitfall traps. Each sample consisted of all arthropods 
captured during a 5-day collecting period. Traps were set 
before and after applications, with 8 and 9 collecting periods' 
in 1980 and 1981, respectively. Ten randomly located traps 
per plot were set each period. Arthropods were identified and 
counted in the field daily, and collected for residue 
analysis. Insects were identified to genus or species, while 
other arthropods were identified to order. 
For both capture techniques, the total number captured per 
plot in each arthropod group was used as an index of 
population abundance. Consequently, several factors besides 
population density influenced the number of animals captured, 
including mobility of the population, time of day, 
temperature, humidity, and wind speed. Although attempts were 
made to collect samples under similar weather conditions, 
temporal fluctuations in population indices may not always 
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reflect density trends. 
Since the variable means were proportional to their 
standard deviations, a logarithmic transformation (log[x+l]) 
was applied to all data before analysis (Zar 1974: 184). A 
split-plot analysis of variance was used to test for treatment 
differences (Helwig and Council 1979). Population indices are 
presented in figures as geometric means. 
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RESULTS 
Foliar Arthropods 
The responses of foliar arthropod populations to 
fenvalerate applications fit into 3 general categories: a 
significant reduction followed by a slow recovery, usually not 
returning to control population levels; a significant 
reduction with a fast recovery up to or exceeding control 
levels; or no significant reduction. In general, the 
responses for a particular arthropod group were consistent 
over the 4 applications, except for a few groups where the 
varied response reflected changes in vegetation structure, 
life stages, and community composition, as well as random 
variation. 
Groups which were significantly reduced with a relatively 
slow rate of recovery include orthopterans, lepidopterans, 
homopterans, spiders (Araneae), adult lady-bird beetles 
(Coccinellidae), and all beetle larvae. Orthopterans were 
significantly reduced (P<0.001) after each application, with 
treated populations as much as an order of magnitude less than 
controls immediately after application (Figure 2). However, 
the reduction after AP2-80 was not as severe as after AP2-81, 
which occurred 2 weeks earlier in the year. Short-horned 
grasshoppers (Acrididae) accounted for 65 and 69% of all 
Fig. 2. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of all 
Orthoptera, short-horned grasshoppers (Acrididae), 
long-horned grasshoppers (Tettigoniidae), and 
crickets (Gryllidae) captured in sweep nets from 3 
sprayed (•) and 3 control (o) plots during 1980 and 
1981 
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orthopterans captured in 1980 and 1981, respectively. Their 
response to fenvalerate was similar to that of long-horned 
grasshoppers (Tettigoniidae) and crickets (Gryllidae), 
although the rate of population recovery among crickets was 
lower. Also, the rate of recovery for all orthopterans was 
lower after APl-81 than after APl-80. Even though the 
application date was the same, the emergence of juveniles was 
further advanced during 1981. Consequently, a higher 
percentage of the juvenile population was directly exposed 
after APl-81, and sprayed populations remained significantly 
lower than controls throughout 1981. 
Lepidopteran populations were significantly reduced 
(P<0.05) by fenvalerate (Figure 3), except for adults after 
AP2-81 (P>0.5). Larval populations were more severely reduced 
and recovered slower than adults after all applications. 
Spiders and homopterans were also significantly reduced 
(P<0.01), except for spiders after AP2-81 (P=0.06)(Figure 4). 
Both lepidopterans and spiders on sprayed plots reached 
control levels by 8 weeks after APl-80, but generally sprayed 
populations were lower than controls. After the initial 
applications, homopteran populations remained significantly 
lower (P<0.02) on sprayed plots during both years. Leaf 
hoppers (Cicadellidae) composed approximately 75% of all 
homopterans during 1980 and 1981. Aphids (Aphidae), the 
Fig. 3. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of all 
Lepidoptera, Lepidoptera adults, and Lepidoptera 
larvae captured in sweep nets from 3 sprayed (•) 
and 3 control (o) plots during 1980 and 1981 
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Fig. 4, Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of 
spiders (Araneae), Homoptera, flies (Diptera), and 
thrips (Thysanoptera) captured in sweep nets from 3 
sprayed (•) and 3 control (o) plots during 1980 
and 1981 
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second most numerous family, were less severely reduced and 
had a faster recovery rate than the leaf hoppers. 
Although most beetles recovered rapidly after initial 
reductions, numbers of adult ladybird beetles and beetle 
larvae captured showed little recovery (Figure 5). After 
initial applications, the sprayed populations remained 
significantly lower (P<0.05) than controls through the summer 
for larvae and until early August for ladybirds. 
Groups which were significantly reduced with a more rapid 
rate of recovery include leaf beetles (Chrysomelidae), flies 
(Diptera), thrips (Thysanoptera), true bugs (Hemiptera), and 
the hymenopteran superfamily Ichneumonoidea (Figures 4, 5, 6, 
and 8). Among these groups, significant population reductions 
(P<0.05) occurred on sprayed plots after each application, 
except for leaf beetles (P>0.25) and thrips (P=0.07) after 
APl-81. Within a week after application, the sprayed 
populations began to recover to control levels, and in the 
case of thrips and predaceous bugs, exceeded the controls 
after a few weeks. Leaf beetles composed 76 and 60% of all 
adult beetles in 1980 and 1981, respectively. Approximately 
90% of all flies captured were from the suborder Cyclorrhapha. 
About 75% of all adult bugs captured were herbivores, 
primarily plant bugs (Miridae). The remainder were 
predaceous, primarily minute pirate bugs (Anthocoridae). 
Fig. 5. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of all 
beetles (Coleoptera), leaf beetles (Chrysomelidae), 
ladybird beetles (Coccinellidae), and beetle larvae 
captured in sweep nets from 3 sprayed (•) and 3 
control (o) plots during 1980 and 1981 
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Fig. 6. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of all 
bugs (Hemiptera), adult herbivorous bugs, and adult 
predaceous bugs captured in sweep nets from 3 sprayed 
(•) and 3 control (o) plots during 1980 and 1981 
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Populations which were not significantly reduced by 
fenvalerate applications include springtails (Collembola), 
green lacewings (Neuroptera: Chrysopidae), and the 
hymenopteran superfamilies Apoidea (bees) and Chalcidoidea 
(Figures 7 and 8). The numbers of green lacewings, 
Chalcidoidea, and Apoidea were similar between treatments 
after each application, except for a significant reduction 
(P<0.025) in lacewing populations after AP2-80. No 
significant treatment differences (P>0.30) in numbers of 
foraging honey bees (Apis mellifera) were observed. Honey 
bees were common during the first application each year, 
because white clover, the dominant plant species at this 
period, was in bloom. Springtail populations, which were 
almost entirely composed of globular species (Sminthuridae), 
were similar between treatments in early 1980, but by August, 
1980, and throughout 1981 the sprayed populations were 
significantly higher (P<0.05) than controls. 
Finally, there was 1 beetle species, the clover leaf weevil 
(Hypera punctata), which exhibited a unique response after 
APl-80. Numbers of this weevil were significantly higher 
(P<0.05) on the sprayed plots during the 2 weeks immediately 
after application in both sweepnet and pitfall samples. The 
weevils were not present on the study area until after the 
application, when they were primarily found on white clover 
Fig, 7. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of 
springtails (Collembola) and green lacewings 
(Neuroptera: Chrysopidae) captured in sweep nets 
from 3 sprayed (•) and 3 control (o) plots during 
1980 and 1981 
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Fig. 8. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of all 
Hymenoptera, Chalcidoidea, Ichneumonoidea, and bees 
(Apoidea) captured in sweep nets from 3 sprayed (•) 
and 3 control (o) plots during 1980 and 1981 
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flowers. A similar response was not observed after APl-81, 
possibly because white clover flowers (Trifolium repens) were 
substantially reduced by drought in 1981. 
Ground Arthropods 
The primary arthropod groups captured in pitfall traps 
included ground beetles (Carabidae), crickets (Gryllidae), 
wolf spiders (Lycosidae), and harvestmen or daddy-long-legs 
(Phalangida). Fenvalerate applications produced no detectable 
impacts (P>0.25) on populations of any of these groups (Figure 
9), except in 1 genus of carabid after APl-81. Carabid 
populations were similar in size and species composition 
between treatments, although temporal fluctuations in the 
numbers captured were affected by shifts in species 
composition throughout the summers. Immediately after AP2-80 
the numbers of carabids captured on control plots increased 
sharply, while numbers on the sprayed plots remained the same. 
During the next collection date (14 days post-application), 
population indices were again similar between treatments. 
This apparent treatment effect may not be pesticide related, 
since the large increases occurred on only 1 of the 3 control 
plots. Also, only 2 genera of carabids, Evarthrus spp. and 
Pterostichus spp., were responsible for the higher number 
captured (Figures 10 and 11). This increase was not repeated 
after the other 3 applications. 
Fig. 9. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of 
ground beetles (Carabidae), crickets (Gryllidae), 
wolf spiders (Lycosidae), and harvestmen (Phalangida) 
captured in pitfall traps from 3 sprayed (•) and 3 
control (o) plots during 1980 and 1981 
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Fig. 10. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of 3 
genera of Carabidae, Evarthrus, Harpalus, and 
Amara, captured in pitfall traps from 3 sprayed (•) 
and 3 control (o) plots during 1980 and 1981 
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Fig. 11. Effects of fenvalerate applications (dashed vertical 
lines) on populations (number captured/plot) of 3 
genera of Carabidae, Scarites, Pterostichus, and 
Chlaenius, captured in pitfall traps from 3 sprayed 
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However, populations of Chlaenius spp, were significantly 
different (P<0.05) after APl-81 (Figure 11). The number 
captured on all control plots was higher than that on sprayed 
plots for approximately 4 weeks. No similar treatment 
differences were observed after other applications, so the 
influence of fenvalerate is questionable. 
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DISCUSSION 
In general, the application of fenvalerate to old-field 
plots produced a dichotomy of responses between foliar and 
ground arthropod populations. Most groups found in the foliar 
strata were significantly reduced after application, while 
nearly all ground arthropods experienced little or no impact 
due to fenvalerate. In part, this dichotomy may be the result 
of differences in exposure to the active ingredient. Since 
vegetative cover was relatively dense, the concentration of 
fenvalerate reaching the soil surface was less than that 
deposited on the canopy. Consequently, ground arthropods were 
probably exposed to lower initial and residual concentrations. 
Redistribution of insecticide to the soil by rainfall was 
probably minimal, since fenvalerate is very insoluble in water 
and binds tightly to plant material (Ohkawa et al. 1980a,b). 
Also, no measurable rainfall occurred within 3 days after any 
application. However, redistribution of fenvalerate to the 
soil surface may have occurred in the form of residues in dead 
arthropods, thus increasing the exposure to scavengers. 
Nevertheless, ground arthopods either experienced a lower 
exposure rate to fenvalerate or possessed a higher tolerance 
in order to produce such different responses. 
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Only 1 arthropod group, the crickets (Gryllidae), was 
commonly captured by both capture techniques. A dichotomy of 
responses also was observed for this group. Crickets were 
significantly reduced by fenvalerate applications with a slow 
recovery rate in the foliar strata, but there was no 
significant insecticide response observed from pitfall 
samples. It is possible that fenvalerate acted more as a 
repellent to crickets in the canopy than as an acutely lethal 
toxicant. Since crickets are relatively mobile vertically as 
well as horizontally, they may have moved to the soil surface 
seeking areas lower on the residue concentration gradient. 
Elliott et al. (1978) reported that the natural pyrethrins and 
several pyrethroids do have repellent properties. Although 
little work has been done with fenvalerate, other pyrethroids, 
such as permethrin and cypermethrin, repelled Pieris brassicae 
larvae from treated food (Tan 1981). Permethrin produced a 
similar response with Plutella xylostella on cabbage (Ruscoe 
1977). Also, deltamethrin repelled boll weevils (Anthonomus 
grandi s) from cotton leaves (Moore 1980). 
To what extent repellency may have influenced the response 
of other arthropod groups in this study is unknown. It is 
conceivable that a few groups, or at least the more mobile 
species within them, were repelled either vertically or 
horizontally by exposure to fenvalerate, and that population 
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recovery was a function of movement back into foliar habitats 
as residues declined. This response would be 
indistinguishable from groups which experienced high mortality 
followed by rapid immigration or reproduction. 
Although populations of most foliar arthropod groups were 
reduced after application, there were a few whose numbers 
remained stable or increased relative to the controls. 
Populations of green lacewings were less impacted by 
fenvalerate than most other foliar predators, even though they 
were significantly reduced after 1 of the 4 applications. 
Plapp and Bull (1978) and Shour and Crowder (1980) have found 
that lacewing larvae could tolerate a wide range of 
fenvalerate exposures, but they were less tolerant in tests 
through one generation (larvae to larvae). However, Roach and 
Hopkins (1981) reported that lacewing adults and larvae were 
eliminated from cotton fields, along with most other arthropod 
life, by the third fenvalerate application when intensively 
sprayed at 5-day intervals. 
The response of hymenopterans is interesting since acute 
toxicity tests suggest that fenvalerate is relatively toxic to 
most species, but no treatment effects were detected in 
populations from 2 superfamilies (Chalcidoidea and Apoidea). 
Coats et al. (1979) found that fenvalerate was 850 times more 
toxic to a eulophid parasitoid (Chalcidoidea) than its beetle 
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host. The National Research Council Canada (1981) rated 
fenvalerate as highly toxic to honey bees (Apis mellifera) and 
hazardous to leafcutter bees (Megachile rotundata). However, 
Moffett et al. (1982) found that field applications repelled 
honey bees during the first day post-application, but had 
little or no impact thereafter. In this study, the first 
collection dates were at least 2 days after application, so 
any repellency to foraging honeybees may have been missed. 
Moffett et al. (1982) also found that fenvalerate did not 
produce significantly higher mortality rates to bees stationed 
adjacent to treated fields. 
The springtails represent the only group which 
significantly increased in number on treated plots relative to 
control levels. After the initial fenvalerate application in 
1980, populations on sprayed plots remained 50 to 600% above 
control levels. Similar responses to DDT applications have 
been reported (Dempster 1957, Edwards 1965, Hoffman et al. 
1949). Reductions in predators caused by DDT can allow 
springtails populations to increase by an order of magnitude 
(Edwards 1965). 
Among the foliar groups that experienced significant 
reductions, several factors determined the severity of those 
reductions. The acute toxicity of fenvalerate is the most 
important factor, but, as mentioned earlier, repellency may 
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also affect the degree of reduction in some groups. Another 
factor is the life stage or stages present at the time of 
application. Since several insecticides have differential 
toxicity to a species depending on the life stage tested, the 
timing of application is important. In this study, the 2-week 
difference in date of the second applications between years 
had an impact on the response in short-horned grasshopper 
populations. Most of these grasshoppers were at or near full 
wing development during AP2-80. Although populations were 
significantly reduced after this application (P<0.01), the 
AP2-81, which occurred 2 weeks earlier and before full wing 
development, nearly eliminated the grasshopper populations. 
The variability in the rates of population recovery among 
foliar groups also was influenced by several factors, 
including residual toxicity, mobility of the population, 
generation time, shifting population composition, and the 
amount of prédation and competition. Fenvalerate residue 
concentrations declined exponentially following application, 
with half-lives ranging from 5.9 to 10.6 days on old-field 
vegetation (See Section III, herein.). Thus, it would take 
the more susceptible arthropod groups longer to balance the 
losses due to emigration (repellency) and mortality with gains 
by immigration and reproduction. For most groups, this 
threshold occurred within 10 days of an application. Once 
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past this threshold, the rate at which a population recovered 
was affected by other factors. Ripper (1955) outlined several 
reasons for the observed outbreaks of phytophagous insects 
above pre-application levels, including reduction of predators 
and/or competitors which increases natality and survival. In 
this study, similar outbreaks were only observed for 
springtails and, to a lesser extent, thrips. Since both 
groups have relatively short generation times, they were able 
to rapidly increase their numbers during a period of reduced 
prédation and competition. 
Many other groups recovered to, but not beyond, control 
levels, with little evidence of a release from prédation or 
competition. In fact, among the true bugs the predaceous 
species exhibited a faster rate of recovery than the 
herbivores. The rapid return to control levels observed for 
most components of the foliar arthropods demonstrates the 
degree of stability in this oldfield community. In some 
cases, the rapid increases can not be accounted for by 
increased reproductive rates. Beetle and lepidopteran adult 
populations increased much faster than larvae, indicating that 
their mobility allowed for immigation rates which exceeded 
reproduction. The small plot size facilitated the rapid 
immigration rates. 
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It should be noted that the population recoveries observed 
for these arthropod groups may also be a function of changes 
in species composition within that group. Population 
increases after application may actually result from 
insecticide-induced shifts in species composition which allow 
some species with rapid reproductive rates to flourish under 
reduced competition. Consequently, reduced diversity and a 
shift in dominant species may occur even though population 
density for the order or family taxon as a whole may return to 
control levels. Also, within arthropod taxons that experience 
seasonal changes in species composition, a post-application 
increase may result from increases by species which would 
naturally increase at that point in time, and that were 
unaffected by fenvalerate. Although neither situation was 
detected in this study, these responses were difficult to 
differentiate from recoveries by reduced species, because 
identification to species was not made. 
In summary, the application of fenvalerate to oldfield 
plots produced a significant, but short-term, reduction in a 
large component of the nontarget arthropod community. Except 
for the long-term increases in springtail populations and 
decreases among several herbivorous populations, the arthropod 
community recovered to control levels within 6 or 8 weeks. 
This was possible because of the rapid degradation rate of 
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fenvalerate to sub-lethal levels. However, the vertical 
distribution of residues, with the highest concentrations in 
the canopy, also had a differential effect on the population 
responses. 
The return of arthropod numbers to control levels after 
this external perturbation demonstrates the stability of an 
old-field community. Suttman and Barrett (1979) found that 
old-field communities possessed greater stability to 
insecticide stress than agricultural monocultures, and thus 
more resilience. The effects of fenvalerate are also expected 
to differ in less diverse ecosystems. Outbreaks of 
herbivorous pests have occurred in orchards following 
fenvalerate applications (Aliniazee and Cranham 1980, Hall 
1979, Hoyt et al. 1978, Penman and Chapman 1980), and the 
predaceous insect complex was completely eliminated in 
fenvalerate-treated cotton (Roach and Hopkins 1981). Thus, it 
may not be appropriate to regard the results of this study as 
indicative of the effects that fenvalerate may have on 
arthropod communities in crop fields. However, these results 
may be indicative of fenvalerate effects in fencerows, grass 
waterways, and other field margins that would be sprayed 
directly or exposed to drift during application, and could be 
used to predict indirect effects on insectivorous vertebrate 
species feeding in these habitats. 
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PART II. INFLUENCE OF FENVALERATE, A SYNTHETIC PYRETHROID 
INSECTICIDE, ON THE SMALL MAMMAL COMPONENT OF 
AN OLD-FIELD ECOSYSTEM 
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INTRODUCTION 
Several authors have studied the effects of agricultural 
pesticides applied at proposed field rates on small mammal 
populations. Barrett (1968) found that Sevin produced a delay 
in hispid cotton rat (Sigmodon hispidus) reproduction, 
resulting in lower population densities on the treated 
enclosure, and that house mice (Mus musculus) responded by 
increasing in density. Barrett and Darnell (1967) reported a 
decrease in numbers of house mice and an increase in prairie 
voles (Microtus ochrogaster) following application of 
dimethoate. Giles (1970) found that populations of white-
footed mice (Peromyscus 1eueopus) and chipmunks (Tamias 
striatus) were reduced by at least 30% on a forested watershed 
treated with malathion. Applications of dieldrin at 3.36 
kg/ha (3 lbs/acre) to control Japanese beetles (Popillia 
japonica) resulted in heavy losses among small mammal species 
(Scott et al. 1959). Other studies on DDT (Stickel 1946, 
1951, Jackson 1952, Adams et al. 1949), Sevin (Conner 1960), 
parathion (Jackson 1952), and permethrin (Kingsbury and McLeod 
1979) found little or no effect on small mammal populations. 
In the present study, the effects of a synthetic pyrethroid 
insecticide, fenvalerate [Pydrin®, cyano(3-phenoxy-
benzyl)-methyl 4-chloro-o-(1-methylethyl)benzeneacetate] were 
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investigated on small mammals on an old-field site. 
Fenvalerate belongs to a group of pyrethroids recently 
developed for agricultural use. It is characterized as a 
broad spectrum insecticide (Ohno et al. 1976, Elliott 1980), 
with a relatively short residual life in soils (Ohkawa et al. 
1978, Williams and Brown 1979, Chapman and Harris 1981, Hill 
1981) and on vegetation (Talekar 1977, Ohkawa et al. 1980b, 
Hill et al. 1982), and moderate mammalian toxicity. The 
acute oral LDgg of technical fenvalerate to domestic mice and 
rats ranges from 100 to 450 mg/kg (Shell Development Company 
1975, Nakayama et al. 1979), which is similar to DDT. 
Preliminary studies indicate that it is less toxic to wild 
captured deermice (Peromyscus maniculatus) and meadow voles 
(Microtus pennsylvanicus), with LD^^ values of 1850 and >1000 
mg/kg, respectively (Bennett (author), unpublished data). The 
synthetic pyrethroids are generally less toxic than other 
classes of insecticides due in part to the rapid metabolism of 
ingested material in mammalian systems before reaching 
sensitive sites (Soderlund and Casida 1977). 
Because of the high insecticidal activity of fenvalerate, 
the proposed application rate of 0.112 kg Al/ha (0.1 lbs/acre) 
for most crops is several times less than rates for the other 
classes of insecticides. This, together with its moderate 
mammalian toxicity, probably means that fenvalerate should not 
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be a significant lethal threat to small mammals under field 
conditions. The objectives of this study were to test this 
hypothesis, as well as to determine the sub-lethal effects of 
fenvalerate on the reproductive rates, age and sex ratios, and 
movement patterns of small mammal populations in an old field. 
This old-field site was representative of fencerows, grass 
waterways, and other field margins that would be sprayed 
directly or exposed to drift during typical field 
applications. Since these habitats provide a large proportion 
of the small mammal cover in areas of intense agricultural 
activity, it becomes particularly important that we understand 
the effects of this insecticide on the small mammals and other 
wildlife species using these habitats. 
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MATERIALS AND METHODS 
Study Area 
This study was conducted on a 6.8-ha old-field area located 
14 km north of Ames, Iowa. Following a cover crop of oats in 
1978, the vegetation was allowed to re-establish through 
natural succession. Approximately 25% of the area consisted 
of permanent smooth brome (Promus inermis) waterways, with the 
remainder vegetated by early successional growth dominated by 
meadow foxtail (Alopecurus pratensis), clovers, and broadleaf 
annuals. All vegetation, except the brome waterways, was 
mowed each year in late August for weed control. The area was 
bordered by pasture on 3 sides and by row crops on the fourth 
side. 
The study area was divided into six 1-ha plots separated by 
a 9-m wide fallow strip or, in the brome waterways, by a 60-cm 
high aluminum barrier buried to a depth of 10 cm (See Part I, 
Fig. 1, herein.). The fallow strips were disced periodically 
for weed control. The purpose of the dividers was to provide 
a visual and physical separation to discourage the daily flux 
of animals between plots, without blocking migration or 
dispersal. Three plots were randomly chosen to receive 
fenvalerate applications; three served as controls. 
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Pesticide Application 
Pydrin was applied to the sprayed plots at the rate of 
0.112 kg Al/ha (0.1 lbs/acre). Applications were made on June 
9 and August 5, 1980 and June 10 and July 21, 1981. In both 
years, the first application was made with a tractor-mounted 
tank sprayer, and the second with a high clearance sprayer, 
due to vegetation height. Wind conditions were calm during 
all applications except the first in 1980, when 10-15 mph 
northerly winds were present. Residue analysis of vegetation 
from control plots indicated that little or no drift occurred 
after applications (See Part III, herein.). 
Trapping 
Small mammals were captured in Sherman live traps (23 x 8 x 
9 cm) baited with a mixture of oatmeal and corn meal formed 
into 4 g pellets for convenient handling. Animals were 
transferred into a wire mesh restraining cone for marking with 
a numbered ear tag. Shrews were marked by clipping toes. 
Capture location, species, sex, weight, and reproductive 
condition were recorded. Live traps were checked each 
morning. During the period when juvenile thirteen-lined 
ground squirrels (Spermophilus tridecemlineatus) were emerging 
from their natal burrows, live traps were also checked each 
afternoon. During 1980, a 9 x 11 trapping grid was 
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established in each plot with a 10 m trap interval and one 
trap per station. Two plots (one sprayed, one control) were 
trapped simultaneously. Each pair of plots was trapped for 7 
consecutive nights, afterwhich the traps were relocated in the 
adjacent pair. Consequently, each trap session required 21 
days to complete. The order in which plots were trapped was 
constant. Trap sessions were conducted before and after each 
fenvalerate application with the following starting dates: May 
16, June 13, July 13, and August 10. All traps were cleaned 
with Alconox detergent after each trap session. 
This trapping design presented several potential biases. 
It was difficult to assume population closure over a 3-week 
period, thus weakening treatment comparisons within a trapping 
session. Also, because traps were not cleaned during the trap 
session, it was probable that urine and fecal scents remaining 
in previously used traps biased later capture results. 
Finally, several animals were captured during 2 or more of the 
7-day periods within a trapping session. It was difficult to 
determine whether these animals had home ranges which 
encompassed two or more plots, or if they were attracted from 
1 plot to another by the presence of the traps and/or bait as 
traps were relocated. 
With the addition of 100 traps in 1981, the trapping design 
was modified to address these biases. All six plots were 
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trapped simultaneously using SO traps per plot for 7 
consecutive nights. One trap was located at each of the odd-
numbered points on the 9 x 11 grids used in 1980, resulting in 
a 14.2m trap interval. Traps were cleaned with Alconox after 
each 7-day session. Seven trap sessions were conducted, 
occurring before and after each fenvalerate application, with 
the following starting dates: April 25, June 2, June 12, June 
30, July 14, July 23, and August 11. 
Data Analysis 
Population estimates were based on the total number of 
individuals captured/plot over a 7-day trap session. Due to 
the small grid and population sizes on each 1-ha plot, the 
computer program CAPTURE (Otis et al. 1978), designed for 
estimating closed animal population size, provided the same 
estimate as the number captured in most cases. Animals which 
were captured in more than one plot during a trap session were 
included in the estimates of each of those plots. The 
percentage of individuals fitting into this category during a 
trap session ranged from 8 to 21% for deermice and 4 to 8% for 
harvest mice (Reithrodontomys megalotis). Analysis of 
treatment effects on populations was accomplished with a 
split-plot analysis of variance (Helwig and Council 1979). 
Treatment differences in the age and sex ratios during a 
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trap session were determined using the Mann-Whitney ranked sum 
test (Conover 1971: 224). Temporal changes in age and sex 
ratios were tested with the Friedman test for a randomized 
complete block design (Conover 1971: 255). 
To determine if fenvalerate applications resulted in 
movement between plots, capture locations for individual 
deermice and harvest mice were used to identify the plot(s) 
which they inhabited before and after application. For each 
trap session animals were identified as inhabiting sprayed 
plots, control plots, or both. Comparisons of capture 
locations before and after application were made to determine 
the extent of movement between treatments. Capture locations 
were also used to determine changes in distances traveled 
between captures within a trap session. The program CAPTURE 
was utilized to calculate the mean distance traveled between 
successive captures and the maximum distance between any 2 
captures. An average value for both distance measurements was 
calculated for all deermice and harvest mice within each plot 
captured 3 or more times during a trap session. A split-plot 
analysis of variance was used to measure treatment differences 
in movement. 
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RESULTS 
Populations 
Nine small mammal species were captured during both years 
(Table 1), including the prairie deermouse (Peromyscus 
maniculatus bairdi), western harvest mouse (Reithrodontomys 
megalotis), thirteen-lined ground squirrel (Spermophilus 
tridecemlineatus), meadow vole (Microtus pennsylvanicus), 
house mouse (Mus musculus), shorttail shrew (Blarina 
breviCauda), masked shrew (Sorex cinereus), eastern cottontail 
(Sylvilagus floridanus), and least weasel (Mustela nivalis). 
In 1980, 16,632 trap nights resulted in 1638 captures (9.8% 
capture rate) of 390 individual small mammals. Although the 
density of traps was reduced by half in 1981, 14,700 trap 
nights produced 3911 captures (26.6% capture rate) of twice as 
many individuals. Only 1 deermouse, 2 harvest mice, and 3 
ground squirrels captured in 1981 were tagged the previous 
year. 
The number of individuals captured of most rodent species 
increased substantially between years. Deermice were the most 
abundant species captured in 1980, accounting for 34% of all 
individuals captured and 65% of total captures. In 1981, the 
number captured increased by 67%, but they accounted for a 
smaller proportion of the small mammal community-- 28% of all 
Table 1. Total number of individuals and captures for all small mammal 
species live trapped on the study area during 1980 and 19 81 
1980 1981 
Total Total Mean Total Total Mean 
Species individ. captures C/I* individ. captures C/I 
Deermouse 132 1070 8.1 220 1848 8.4 
Harvest mouse 40 109 2.7 239 1238 5.2 
Ground squirrel 78 243 3.1 187 603 3.2 
Meadow vole 93 169 1. 8 68 123 1.8 
House mouse 7 7 1.0 41 60 1.5 
Shorttail shrew 24 24 1.0 22 29 1.3 
Masked shrew 12 12 1.0 6 6 1.0 
Eastern cottontail 3 3 1.0 3 3 1.0 
Least weasel 1 1 1.0 1 1 1.0 
Total 390 1638 787 3911 
^ C/I = total captures divided by total individuals. 
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individuals and 47% of total captures. This was due primarily 
to a six-fold increase in the number of harvest mice between 
years. Harvest mice were a relatively minor component of the 
small mammal community in 1980, but became the most abundant 
species on the study area in 1981. Also, the capture rate for 
harvest mice approximately doubled between years. Other 
species which increased in numbers between years were ground 
squirrels and house mice, with 140 and 490% increases, 
respectively. 
Meadow voles and shrews, which preferred the moist brome 
grass waterways, declined in numbers between years. These 
species also had a low probability of capture, resulting in 
poor estimates of actual population size. All of the eastern 
cottontails captured were juveniles, and did not reflect 
cottontail population size. The two least weasels were found 
dead in the traps. Other predators known to inhabit or visit 
the study area included mink (Mustela vison), red fox (Vulpes 
vulpes), raccoon (Procyon lotor), domestic cat (Felis 
domesticus), domestic dog (Canis familiarus), red-tailed hawk 
(Buteo jamaicensis), marsh hawk (Circus cyaneus hudsonius), 
fox snake (Elaphe vulpina), and bull snake (Pituophis 
melanoleucus sayi). 
No treatment effects were detected in population levels for 
any species (Figure 1 and Table 2). The deermouse population 
Fig. 1. Number (mean ± 1 SE) of deermice (Peromyscus 
maniculatus bairdi), harvest mice (Reithrodontomys 
megalotis), and thirteen-lined ground squirrels 
(Spermophilus tridecemlineatus) captured per plot 
from 3 sprayed and 3 control plots during 1980 and 
1981 
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Peromyscus maniculatus bairdi 
Reithrodontomys megalotis 
Spermophilus tridecemlineatus 
^ Sprayed 
Q Control 
jhuUlL 
5/16 6/13 7/13 8/10 4/25 6/2 6/12 6/30 7/14 7/23 8/11 
1980 1981 
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Table 2. Mean number (± SE) of meadow voles (Microtus 
pennsylvanicus) and house mice (Mus musculus) 
captured on 3 sprayed and 3 control plots during 
1980-81, with the timing of fenvalerate applica­
tions denoted by asterisks 
Meadow vole House mouse 
Trap 
Session Sprayed Control Sprayed Control 
5/18/80 
* 
9.7 ± 1.5 4.0 ± 3.1 0.7 ± 0.7 0 
6/13/80 5.3 ± 3.8 2.7 ± 0.7 0 0 
7/13/80 
* 
1.3 ± 0.9 3.7 ± 3.2 0 0 
8/10/80 4.3 ± 1.8 3.0 ± 1.2 0.3 ± 0.3 1.3 ± 0. 7 
4/25/81 1.7 ± 0.3 1.3 ± 0.3 3.0 ± 1.5 1.7 ± 0. 7 
6/ 2/81 
* 
4.7 ± 0.9 4.3 ± 2.4 2.3 ± 0.7 0.3 ± 0. 3 
6/12/81 3.7 ± 0.9 3.0 ± 1.0 2.0 ± 0.6 1.0 ± 0. 6 
6/30/81 4.0 ± 2.0 1.0 + 0.6 1.3 ± 0.9 1.3 ± 0. 7 
7/14/81 
* 
1.3 ± 0.3 1.3 ± 0.9 0.7 ±. 0.3 0.3 ± 0. 3 
7/23/81 2.7 ± 2.2 1.3 ± 0.3 0.3 ± 0.3 0.3 ± 0. 3 
8/11/81 1.7 ± 0.3 0 1.0 ± 0.6 0 
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remained relatively stable during 1980. The highest numbers 
of mice were captured in early June of 1981, followed by a 
rapid population decline throughout the summer. Also, no 
significant differences in the age and sex ratios or 
percentage of adult females either pregnant or lactating were 
observed in the deermouse population due to insecticide 
applications. However, significant differences (P ^ 0.05) 
occurred among trap sessions (Table 3). During the decline in 
1981, the proportion of juveniles in the population 
significantly decreased from late April to late June. The 
proportion of all adult females determined to be pregnant or 
lactating also decreased. The high percentage of juveniles 
and lactating females in the population in April indicated 
that a relatively high rate of reproduction had occurred 
during the late winter months. Mild winter temperatures, 
light snow cover, and abundant ground litter may have 
contributed to this situation. There were also temporal 
differences in the sex ratio. Throughout 1980 there was a 
high percentage of females in the population (59 to 55%), but 
in 1981 they accounted for <50% (Table 3). 
In 1980, the small population of harvest mice primarily 
inhabited the brome grass waterways. By April 1981, the 
population had increased to 15.2 mice/plot, and had expanded 
its range into the drier early successional cover previously 
53 
Table 3. Percentage of juveniles and females in the pop­
ulation and percentage of adult females either 
pregnant or lactating for deermice (Peromyscus 
maniculatus) and harvest mice (Reithrodontomys 
megalotis) on the entire study area, with the 
timing of fenvalerate applications denoted by 
asterisks 
% of all 
adult females 
Trap pregnant or 
session % Juveniles (N)^ % Females (N)^ lactating (N) 
Deermice 
5/16/80 
* 
31 (65) ab 64 (69) ab 17 (23) 
6/13/80 38 (66) ab 65 (63) ab 27 (22) 
7/13/80 
* 
15 (71) a 66 (58) a 25 (28) 
8/10/80 29 (79) ab 59 (77) abc 30 (23) 
4/25/81 50 (85) b 44 (85) abc 70 (20) 
5/ 2/81 
* 
40 (92) ab 38 (93) be 38 (24) 
6/12/81 31 (87) ab 41 (87) abc 21 (24) 
6/30/81 17 (80) a 38 (80) be 21 (24) 
7/14/81 
* 
22 (62) ab 40 (62) abc 17 (18) 
7/23/81 20 (56) ab 36 (56) c 31 (16) 
8/11/81 23 (40) ab 45 (40) abc 46 (13) 
^ Any 2 trap sessions for a species not followed by 
the same letter are significantly different (P g 0.05), 
based on a Friedman test for a randomized complete block 
design. 
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Table 3. Continued. 
% of all 
adult females 
Trap pregnant or 
session % Juveniles (N)i % Females (N)^ lactating (N) 
Harvest mice 
4/25/81 42 (90) a 49 (90) a 57 (24) 
6/ 2/81 
* 
18 (80) ab 40 (80) a 31 (26) 
6/12/81 17 (78) ab 40 (78) a 24 (25) 
6/30/81 15 (75) ab 31 (75) a 16 (19) 
7/14/81 
* 
21 (56) ab 36 (56) a 38 (16) 
7/23/81 8 (66) b 41 (66) a 22 (27) 
8/11/81 19 (41) ab 42 (41) a 25 (12) 
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dominated by deermice and ground squirrels. Like deermice, 
the harvest mice experienced a summertime decrease in 
population size (49% reduction by August), pregnancy rate, and 
the proportion of juveniles in the population. The proportion 
of adult females either pregnant or lactating dropped from 
late April to late June (Table 3). The proportion of 
juveniles in April was significantly different from late July. 
The percentage of juveniles and females was not calculated 
for harvest mice in 1980 due to small sample sizes. 
Fenvalerate applications produced no significant treatment 
differences in the age or sex ratios or percentage of adult 
females either pregnant or lactating during 1981. 
Although no insecticide effects on ground squirrel 
populations were observed, there were significant temporal 
fluctuations. The peak for ground squirrel captures occurred 
as juveniles first emerged from their natal burrows in early 
June. The juveniles captured during the 6/3/80 and 6/2/81 
trap sessions averaged 50.6g ± 1.8 (SE) and 45.6g ± 0.9 (SE), 
respectively. During both years, there were approximately 3 
captures per individual, most of which occurred soon after 
recruitment into the population. As the juveniles grew, the 
capture rate decreased rapidly. Only 13 adult ground 
squirrels (5% of all squirrels) were captured in 2 years. 
This reduced capture rate was partially explained by 
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observations of adult and larger juveniles (>100 g) stealing 
bait from traps without being captured, due to their long body 
length. Also, the proportion of females in the population 
increased between the June and July/August trap sessions from 
55 to 74% and from 47 to 67% in 1980 and 1981, respectively. 
Movement 
Movement data was analyzed to determine if fenvalerate 
applications produced repellency or attraction to sprayed 
plots or changes in activity levels. Capture locations of 
individuals trapped both before and after each application in 
1981 indicated that very few individuals moved between 
treatments after fenvalerate was applied (Table 4). Only 1 
deermouse and 3 harvest mice moved from a sprayed plot before 
application to a control plot, and 1 of each species moved 
from a control to a sprayed plot, indicating no movement trend 
into or out of sprayed plots. Several mice were captured in 
both treatments before and/or after application. However, 
among these individuals there also were no apparent movement 
trends between plots. 
The effect of fenvalerate on distances moved by individuals 
was tested by making treatment comparisons of the average 
distance an individual traveled between successive captures 
and the maximum distance between any 2 capture points (Table 
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Table 4. Number of deermice (Peromyscus maniculatus) and 
harvest mice (Reithrodontomys megalotis), captured 
both before and after fenvalerate applications in 
1981, that were moving or not moving between 
treatments after application. The first and second 
applications are combined 
Location 
before 
Total 
before 
Number 
not 
Number moving to: 
application application moving Sprayed Control S/Ci 
Deermice 
Sprayed 35 31 - 1 3 
Control 41 33 1 - 7 
S/C 17 8 4 5 -
Harvest mice 
Sprayed 51 46 - 3 2 
Control 42 38 1 - 3 
S/C 3 1 2 0 -
1 S/C refers to individuals captured at least once on 
plots from both sprayed and control treatments 
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5). There were no significant treatment differences (P<0.05) 
in mean or maximum distance traveled by either species. 
However, there was a treatment difference at the P=0.05 level 
among deermice after the first application in 1981. The mean 
distance increased by 84% on the sprayed plots, while the 
control plots remained the same. An increase of 47% occurred 
on sprayed plots among harvest mice after the same 
application. No increases occurred on sprayed plots after the 
first application in 1980, or after the second application in 
either year. 
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Table 5. Treatment means (± SE) of 2 activity indices for 
all deermice (Peromyscus maniculatus) or harvest mice 
(Reithrodontomys megalotis) captured on 3 sprayed or 
3 control plots, with the timing of fenvalerate 
applications denoted by asterisks 
Mean distance (± SE) Maximum distance (± SE) 
between successive between any 2 captures 
captures (m) (m) 
Trap 
session Sprayed Control Sprayed Control 
Deermice 
5/15/80 
* 
22. 4 ± 1. 5 21. 0 ± 2. 1 43 .2 ± 5.2 37 .2 ± 8.5 
5/13/80 20. 8 ± 1. 7 17. 2 ± 3. 2 41 .9 ± 7.4 32 .4 ± 7.5 
7/13/80 
* 
20. 8 ± 2. 3 15. 9 ± 1. 3 44 .0 + 5.8 37 .7 ± 4.7 
8/10/80 21. 8 ± 1. 1 19. 7 ± 0. 9 39 .4 ± 1.5 37 .5 ± 2.0 
4/25/81 15. 8 ± 2. 0 17. 4 ± 5. 1 33 .3 ± 0.7 32 .3 ± 10.8 
5/ 2/81 
jc 
11. 6 ± 0. 1 15. 4 ± 1. 3 19 .3 ± 1.1 28 .8 ± 4.7 
6/12/81 21. 4 ± 4. 1 15. 3 ± 1. 9 35 . 1 ± 5.3 30 .1 ± 5.0 
6/30/81 17. 1 ± 2. 5 17. 8 ± 2. 5 33 .0 ± 2.7 30 .8 + 4.8 
7/14/81 
* 
19. 7 ± 2. 8 19. 7 ± 2. 2 35 .5 + 2.5 41 .8 ± 4.1 
7/23/81 15. 8 ± 3. 2 15. 9 ± 2. 0 30 .9 ± 7.5 33 .3 ± 10.5 
8/11/81 17. 0 ± 5. 4 20. 9 ± 2. 4 33 .5 ± 9.5 37 .0 ± 4.0 
^ Treatment means and standard errors were calculated 
from the means for the 3 sprayed or 3 control plots, where 
plot means represent the average distances traveled by 
all individuals captured ^ 3 times in a plot during a 
trap session. 
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Table 5. Continued 
Mean distance (± SE) Maximum distance (± SE) 
between successive between any 2 captures 
captures (m) (m) 
Trap 
session Sprayed Control Sprayed Control 
Harvest mice 
4/25/81 17.5 ± 2.1 
6/ 2/81 11.9 ± 0.9 
* 
6/12/81 17.5 ± 2.1 
6/30/81 16.9 ± 1.1 
7/14/81 16.7 ± 4.5 
* 
7/23/81 22.7 ± 1.6 
15.8 ± 2.9 30.4 
10.4 ± 0.9 20.3 
11.5 ± 2.1 32.6 
19.9 + 0.9 29.4 
16.4 ± 4.0 27.4 
21.6 ± 2.3 31.2 
± 2.7 28.1 ± 5.1 
± 0 . 9  2 0 . 7  ±  4 . 4  
± 3.5 23.7 ± 2.0 
± 0.3 35.2 ± 1.3 
± 6.0 31.0 ± 10.8 
± 1 . 1  4 8 . 1  ±  1 2 . 0  
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DISCUSSION 
The application of fenvalerate to old-field plots produced 
no significant impacts on small mammal population size, 
reproduction, age and sex structure, or movement patterns. 
These results are consistent with the moderate mammalian 
toxicity, rapid environmental degradation, and low application 
rate previously discussed. Furthermore, analysis of 
fenvalerate residues in deermice and meadow voles captured 
after application indicated that all concentrations were 
<0.5ppm body weight, except for 1 meadow vole (See Part III, 
herein.). These residue levels decreased through time, with 
little evidence of bioaccumulation. Consequently, fenvalerate 
probably does not present a direct lethal threat to small 
mammals under field conditions. 
Although no significant treatment differences were detected 
within trap sessions, temporal differences in population size 
and age and sex ratios did occur. There was no evidence that 
these changes were pesticide related. During the population 
declines of deermice and harvest mice in 1981, the numbers of 
animals on the control and sprayed plots decreased at the same 
rate. The possibility that animals from control plots 
migrated into sprayed plots to replace others which might have 
died or emigrated after application is not supported by the 
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movement results. No movement trends between plots were 
observed. 
These population declines followed a period of high 
population density and drought conditions. It is not known 
what impact the extended drought in late 1980 and early 1981 
had on small mammal populations. The study area received only 
14 cm (5.5 in) of precipitation during the first 5 months of 
1981, which is 13.5 cm (5.3 in) below the long-term average 
for that period (Shaw and Waite 1964). Also, little is known 
about the demographics of the population increase to peak 
densities, since the area was not trapped between September 
and April. Hypotheses concerning population density 
regulation in deermice have been described by Petticrew and 
Sadleir (1974), Fairbairn (1977), and Metzgar (1980). The 
population decline observed in this study began during a 
period of high breeding activity, while the spring declines 
described by Fairbairn (1977) preceded the onset of breeding. 
During the decline, the pregnancy rate decreased rapidly and a 
large proportion of the juveniles and subadults disappeared 
from the study area. No data on food abundance were 
collected, but the drought conditions may have negatively 
impacted food availability, resulting in increased 
intraspecific competition. This competition would have 
increased aggressive behavior in deermice, and consequently. 
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increased dispersal (Sadleir 1965, Healey 1967). 
The increased movement by deermice and harvest mice 
observed following the 6/10/81 application may not be 
pesticide related, since similar increases did not occur 
following other applications. In this instance, much of the 
increased movement on sprayed plots was accounted for by the 
relatively large movements of 4 individuals, with a mean 
distance between captures of 52 m. However, the vegetation 
during this application was shorter and sparser than during 
other applications. Consequently, mice may have had greater 
exposure to the active ingredient, but there is no information 
concerning the relationship between fenvalerate exposure and 
behavioral modifications in the field. 
The temporal fluctuations in ground squirrel populations 
reflected the high proportion of juveniles entering the 
population during June and July, and were not insecticide 
related. McCarley (1966) and Clark (1981) reported similar 
seasonal cycles with high proportions of juveniles during the 
summer months. The live traps used in this study were less 
effective at capturing adults and larger juveniles, thus 
biasing estimates on total squirrel density and dispersal of 
juveniles. However, the capture data did provide an index of 
juvenile abundance, which could be used to measure treatment 
effects. 
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Populations of other small mammal species occurred in 
relatively low densities with low probabilities of capture. 
Although no treatment differences were observed, the numbers 
captured were insufficient to accurately predict the effects 
of fenvalerate. As mentioned earlier, meadow voles and 
shrews, which preferred the moister waterway habitats, 
declined in numbers between years. Since the number of 
captures remained similar between treatments, their decline 
was probably due to the extremely dry conditions present in 
early 1981. 
It is not known what effect the trapping design changes 
between years had on the numbers and diversity of small 
mammals captured. The 7-day trap sessions in 1981 eliminated 
the possible scent bias from soiled traps which existed in 
1980 as traps were relocated during a trap session. The 
influence of scent on subsequent captures has been documented 
by several investigators. Boonstra and Krebs (1976) found 
that Microtus townsendii entered soiled traps significantly 
more often than clean traps. Others (Rowe 1970, Summerlin and 
Wolfe 1973, Mazdzer et al. 1975) have found that trapping 
success was affected by the sex and social status of 
previously captured conspecifics. The soiled traps moved from 
one pair of plots to the adjacent plots in 1980 may have held 
repellent or attractive qualities depending on the species, 
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sex, and social status of an individual encountering them. 
Consequently, the location and frequency of captures for an 
individual may have been influenced by these cues. This 
change in design dealt only with biases introduced by 
relocating soiled traps into adjacent plots during the 21-day 
trap sessions. It did not address the influence of scent on 
subsequent captures at a particular location. This has long 
been a bias in capture-recapture studies. 
Although experimental applications of fenvalerate produced 
no significant impacts on small mammal populations in this 
old-field ecosystem, the possibility of more subtle direct and 
indirect effects remains. Fenvalerate is an effective broad 
spectrum insecticide which significantly reduces many 
invertebrate populations after application (See Part I, 
herein.). Whether or not this affects the foraging strategies 
and success of insectivorous birds and mammals, especially 
under less diverse field conditions, is not known. This study 
suggests that fenvalerate does not present a direct lethal 
threat to small mammals under field conditions, but further 
study is required, especially on insectivorous species, before 
it can be shown to have no effect on small mammal communities. 
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PART III. FENVALERATE RESIDUES IN THE VEGETATION, 
INSECTS, AND SMALL MAMMALS OF AN OLD-FIELD ECOSYSTEM 
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INTRODUCTION 
The synthetic pyrethroids have become increasingly popular 
as agricultural insecticides in recent years. Thus, it is 
important to understand the persistence and movement of these 
pesticides and their potential environmental consequences 
under field conditions. Fenvalerate [Pydrin®, cyano(3-
phenoxybenzyl)-methyl 4-chloro-a-(1-methylethy1)benzene-
acetate] belongs to a group of relatively photostable 
pyrethroids possessing broad spectrum insecticidal activity 
(Ohno et al. 1975, Elliott 1980), sufficient stability for 
agricultural use (Ohkawa et al. 1978), and moderate mammalian 
toxicity. The acute oral LD 50 of technical fenvalerate to 
domestic mice and rats ranges from 100 to 450 mg/kg (Shell 
Development Company 1975, Nakayama et al. 1979), which is 
similar to DDT. Preliminary studies indicate that it is less 
toxic to wild captured deermice (Peromyscus maniculatus) and 
meadow voles (Microtus pennsylvanicus), with LD^^ values of 
1850 and >1000 mg/kg, respectively (Bennett (author), 
unpublished data). The synthetic pyrethroids are generally 
less toxic than other classes of insecticides due in part to 
the rapid metabolism of ingested material in mammalian systems 
before reaching sensitive sites (Soderlund and Casida 1977). 
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The half-life of fenvalerate when incorporated into soil 
ranges from 15 days to 3 months (Ohkawa et al. 1978, Williams 
and Brown 1979, Chapman and Harris 1981, Hill 1981). 
Variation in half-lives is primarily due to the degree of 
microbial activity in different soil types (Williams and Brown 
1979). Due to photodegradation, it is less persistent on soil 
surfaces, with half-lives ranging from 2 days on light clay to 
18 days on sandy loam (Mikami et al. 1980). Fenvalerate is 
also less persistent on plant surfaces. The half-life on bean 
plants under laboratory conditions is 14 days, with very 
little fenvalerate moving from the leaves to shoots or from 
soil to roots (Ohkawa et al. 1980b). Hill et al. (1982) 
reported that the 9 to 11 day half-life for alfalfa was 
influenced by growth dilution and temperature. Other reported 
half-lives of fenvalerate are 2 days on cotton (Holmstead et 
al. 1978) and less than 1 day on cabbage (Talekar 1977). 
However, Schaefer et al. (1978) found a relatively slow 
decomposition rate on pasture vegetation. 
In this study the persistence and movement of fenvalerate 
in the vegetation, insects, and small mammals was monitored on 
an oldfield site. This habitat type provided a diverse and 
abundant animal community in which to monitor residue movement 
and accumulation, and was similar to fencerows, grass 
waterways, and other field margins that would be exposed to 
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fenvalerate directly or as drift during typical field 
applications. 
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METHODS 
Study Area 
The study was conducted on a 5.8-ha old-field site located 
14 km north of Ames, Iowa. Approximately 25% of the area 
consisted of permanent smooth brome grass waterways. The 
remainder was vegetated with early successional growth 
dominated by meadow foxtail (Alopecurus pratensis), clovers, 
and broadleaf annuals, which was mowed each year in late 
August for weed control. 
The study area was divided into six 1-ha plots separated by 
a 9-m wide fallow strip or, in the waterways, by a 60-cm 
aluminum barrier buried to a depth of 10 cm. The fallow 
strips were disced periodically for weed control. These 
dividers provided a visual and physical separation to 
discourage the daily flux of animals between plots, without 
blocking migration or dispersal. Three plots were randomly 
chosen to receive insecticide application; three served as 
controls. 
Pesticide Application 
Pydrin was applied to the sprayed plots at the rate of 
0.112 kg Al/ha (0.1 lbs/acre). Applications were made on June 
9 and August 5, 1980 and June 10 and July 21, 1981. In both 
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years, the first application was made with a tractor-mounted 
tank sprayer, and the second with a high clearance sprayer. 
Wind conditions were calm during all applications except the 
first in 1980, when 10-15 mph northerly winds were present. 
Sample Collection 
In 1980, samples of vegetation, short-horned grasshoppers 
(Acrididae), field crickets (Gryllidae), ground beetles 
(Carabidae), deermice, and shorttail shrews (Blarina 
breviCauda) were collected immediately before and after each 
insecticide application at approximately weekly intervals, 
depending on the weather. During each sampling period, 1 
sample from each of the treated plots and 1 composite control 
sample were collected. In 1981, samples were again collected 
with the following changes in methodology: only samples of 
vegetation, short-horned grasshoppers, ground beetles, 
deermice, and meadow voles were collected; samples were 
collected more intensively immediately after application; and 
samples were collected only after the second application. 
Vegetation samples were collected using a hand-held grass 
clipper. During each sampling period vegetation was collected 
from 16-point grids established in each sprayed plot. The 
composite sample was collected along 5-point transects in each 
control plot. At each grid or transect point, approximately 
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25 g of canopy vegetation was collected and placed in 4-liter 
(1 gal) glass jars for transport. Each sample was homogenized 
in a Hobart food processor. A portion of the homogenate was 
frozen for later analysis. 
Grasshoppers were captured on each plot with a 38-cm sweep 
net. Field crickets and ground beetles were live trapped in 
randomly located pitfall traps (See Part I, herein.). All 
invertebrate samples were killed with ethyl acetate, sorted, 
and frozen for analysis. 
Small mammal specimens were captured in Sherman live traps 
in conjunction with a concurrent population estimation study 
(See Part II, herein.). One mouse was collected from each 
sprayed plot and 1 from the control plots. Animals were 
asphyxiated with ethyl acetate, and the skins and gastro­
intestinal tracts were removed. Carcasses were frozen in 
aluminum foil until analysis. 
Sample Analysis 
All samples were analyzed at the Patuxent Wildlife Research 
Center, Laurel, Maryland, by procedures described by Reichel 
et al. (1981). Samples were Soxhlet-extracted with hexane and 
cleaned up by gel permeation chromatography with an in-line 
alumina column. Residues were analyzed by gas-liquid 
chromatography with an electron capture detector, and 
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confirmed by mass spectrometry. The method had an average 
recovery of 95% for fortified material. The lower limit of 
reportable residue was 0.01 ppm. 
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RESULTS AND DISCUSSION 
Vegetation 
As expected, the highest fenvalerate residues were found on 
vegetation immediately after application (Table 1). This was 
followed by an exponential decrease in residue values to less 
than 1 ppm within 24 days. The rates of residue decline after 
each application were compared by a linear regression of the 
log of fenvalerate residues (ppm) on days after application. 
There were no statistical differences in slope or intercept 
between the 8/5/80 application 
[y=(0.979+0.058)-(0.051+0.005)x] and the 7/21/81 application 
[y=(0.920+0.096)-(0.044+0.006)x]. However, they were 
significantly different (P<0.05) from the 6/9/80 application 
[y=(0.506+0.095)-(0.028+0.003)x]. Consequently, the half-life 
value of 10.6 days following the 6/9/80 application is higher 
than the 5.9 and 6.8 day half-lives calculated for the 8/5/80 
and 7/21/81 applications, respectively. There was little or 
no fenvalerate detected in control samples, indicating only a 
small amount of insecticide drift between treatments. 
The differences in degradation rates between applications 
may be related to vegetation structure at the time of 
application. The vegetation on 6/9/80 was a short (<0.25 m), 
dense cover dominated by white clover (Trifolium repens). By 
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Table 1. Fenvalerate residues (ppm wet weight) in vegetation 
samples from 3 sprayed plots and a composite from 
3 control plots collected at various time periods 
following applications 
Application Days after Fenvalerate residues (ppm wet weight) 
date application 
Sprayed (x ± SE) Control 
5/9/80 
8/5/80 
7/21/81 
4 3.5 ± 1.3 ND: 
10 1.7 ± 0.1 ND 
17 1.1 ± 0.1 ND 
24 0.73 ± 0.11 ND 
31 0.36 ± 0.04 ND 
38 0.16 ± 0.04 ND 
52 0.22 ± 0.12 ND 
0.5 11.3 ± 2.6 ND 
5 5.2 ± 2.0 ND 
9 3.1 ± 0.7 0.015 
15 1.5 ± 0.1 ND 
22 0.75 + 0.08 ND 
-2 0.40 ± 0.12 ND 
0.5 12.1 ± 2.5 o
 
o
 
M
 
2 8.7 ± 1.7 ND 
5 7.7 ± 0.7 0.08 
8 2.2 + 1.0 ND 
15 1.3 ± 0.3 0.01 
24 0.39 ± 0. 11 ND 
35 0.49 ± 0.05 ND 
1 ND = Not detected. 
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late July, the canopy vegetation had attained its maximum 
height (1.0-1.75 m) and was less dense. Consequently, white 
clover became less important in the samples through time. 
Bias arising from the collection of representative samples in 
a structurally variable habitat may account for part of the 
variation. It was expected that growth dilution after the 
6/9/80 application would have resulted in a more rapid 
degradation rate on a weight basis. Hill et al. (1982) 
investigated the effects of abiotic variables on fenvalerate 
degradation in treated alfalfa fields at two time periods. 
Although the effect of growth dilution was greater during the 
early period, it was negated by cooler temperatures which 
slowed the rate of decline. However, in this study the slower 
decline during June can not be accounted for by cooler 
temperatures, since no significant differences in daily 
temperatures occurred after these 3 applications. 
Insects 
All animal samples, except 1 meadow vole, contained <0.5 
ppm fenvalerate. The highest mean values were found in short-
horned grasshoppers (Table 2). These samples were collected 
from a population which was significantly reduced after 
application (See Part I, herein.), and may represent 
immigrants as well as survivors of the application. Due to 
reduced grasshopper populations after application. 
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Table 2. Fenvalerate residues (ppm wet weight) in samples of 
short-horned grasshoppers (Acrididae) and ground 
beetles (Carabidae) from 3 sprayed plots and a 
composite from 3 control plots collected at various 
time periods after application 
Application Days after Fenvalerate residues (ppm wet weight) 
date application 
Sprayed (x ± SE) Control 
Short-horned grasshoppers 
6/9/80 36 0.026 ± 0.008 ND^ 
49 ND ND 
8/5/80 7 0.33+0.08 ND 
14 0.19 ± 0.05 ND 
21 0.12 ± 0.03 ND 
Ground beetles 
6/9/80 10 0.12 ± 0.03 ND 
17 ND ND 
22 ND ND 
8/5/80 6 0.14 ± 0.04 ND 
17 ND ND 
7/21/81 -I 0.023 ± 0.007 0.02 
2 0.03 ± 0.0 0.06 
4 0.13 ± 0.04 0.02 
8 0.063 ± 0.033 0.10 
16 0.11 ± 0.085 0.02 
24 0.15 ± 0.135 ND 
^ ND = Not detected. 
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adequate samples could not be collected for several weeks, 
except after the 8/5/80 application. Very few dead 
grasshoppers were found on the sprayed plots, so residue 
information it not available. Population levels were not 
affected on control plots, and no residues were found. 
Unlike grasshoppers, the ground beetle populations 
experienced little or no adverse effects from fenvalerate 
applications, based on pitfall samples collected before and 
after application (See Part I, herein.). Mean residue values 
were <0.15 ppm (Table 2). Residues were not detected more 
than 17 days after applications in 1980, but were found in 
samples collected up to 24 days after the 7/21/81 application. 
However, the last 2 collection dates (15 and 24 days post-
application) each had a sample containing residues which 
exceeded all other ground beetle samples. No fenvalerate was 
detected in samples from control plots in 1980, but residue 
values from control samples in 1981 were similar to the 
sprayed samples. A possible explanation for this difference 
was a change in carabid species composition between years. 
The population was dominated by the carnivorous Evarthus 
alternans in 1980, while the omnivorous Harpalus spp. 
dominated in 1981, with H. caliginosus contributing >50% of 
the biomass per sample. Since ground beetle samples consisted 
of several different species in the proportion in which they 
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were captured, it is not known if these two species carried 
different residue levels. 
Other insect groups analyzed include 5 samples of field 
crickets collected from sprayed plots at 6 and 20 days 
following the 8/5/80 application which contained <0.1 ppm 
fenvalerate. One sample of clover leaf weevils (Hypera 
punctata) contained 0.32ppm fenvalerate. These weevils were 
unique because they were only common on the study area after 
the 6/9/80 application and only on the sprayed plots. They 
were found on white clover, which was common in 1980. 
These residue concentrations are similar to those in 
insects collected from fenvalerate-treated cotton fields 
(Bennett et al., in prep.), in which the highest concentration 
(0.55 ppm) came from ground beetles (Calosoma sp.) exhibiting 
tremors when captured. Considering the significant population 
reductions experienced by many insect species and the 
poisoning symptoms observed in the ground beetles, it is 
probable that residue concentrations higher than those 
reported are lethal. Insects which were not significantly 
affected by fenvalerate (e.g. ground beetles and field 
crickets) also contained lower residues. 
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Small Mammals 
Three deermice and 2 shrews collected in 1980 were analyzed 
for range finding purposes. No fenvalerate was found in the 
deermice. One shrew contained 0.074 ppm fenvalerate. The 
deermice and meadow voles collected in 1981 contained <0.3 ppm 
fenvalerate, except for a vole collected 8 days after 
application with 1.0 ppm (Table 3). The highest residues in 
deermice were found 2 days after application. Peak residues 
in meadow voles occurred 8 days after application. Bennett et 
al. (in prep.) found that only 1 of 8 small mammals captured 
near fenvalerate-treated cotton fields contained detectable 
residues (0.01 ppm). 
Two of 3 meadow voles captured on control plots contained 
detectable residues. The deermice captured on control plots 
carried higher residues than the means for sprayed plots. 
Live trapping records indicated that during the previous 2 
months these deermice were captured only on control plots, 
suggesting that deermice were consuming mobile food types 
containing fenvalerate residues and/or that movement into 
sprayed plots occurred which was not reflected by capture 
records. 
In summary, the initial residue concentrations and half-
lives for fenvalerate degradation (5.9 to 10.6 days) on old-
91 
Table 3. Fenvalerate residues (ppm wet weight) in samples of 
deermice (Peromyscus maniculatus) and meadow voles 
(Microtus pennsylvanicus) collected from 3 sprayed 
plots or 1 control plot following the 7/21/81 appli­
cation 
Deermice Meadow voles 
Days after Sprayed Control Sprayed Control 
application (x ± SE) (x ± SE) 
2 0.10 ± 0.098 NAi 0.07 ± 0.02 ND2 
4 o
 
o
 
u
 
0.17 0.12 ± 0.02 0.09 
8 0.01 ± 0.006 0.04 0.46 ± 0.27 0.02 
21 0.007 ± 0.003 0.01 0.04 ± 0.03 NC 
1 NA = Not available; sample lost in analysis. 
^ ND = Not detected. 
3 Mean based on 2 samples; third lost in analysis. 
NC = Not collected. 
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field vegetation were consistent with values reported on 
several agricultural crops. Residues in live insect samples 
were <0.5 ppm. Due to the high insecticidal activity of 
fenvalerate, higher residue levels may have been lethal. 
Residues were 31.0 ppm in all mammalian samples, which 
reflects the low application rate, rapid environmental 
degradation, and rapid mammalian metabolism of fenvalerate. 
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SUMMARY AND CONCLUSIONS 
Some effects of a new synthetic pyrethroid insecticide, 
fenvalerate, on nontarget arthropods and small mammmals were 
studied under field conditions. The results compliment 
results from previous studies on the effects of fenvalerate, 
and are consistent with its characterization as an effective 
broad spectrum insecticide at relatively low application rates 
with moderate mammalian toxicity and rapid environmental 
degradation rates. This study provides information which may 
be useful in evaluating the hazard presented by fenvalerate to 
terrestrial wildlife. 
Populations of most foliar arthropods were significantly 
reduced after fenvalerate applications, while no differences 
were detected in ground arthropod populations. It is not 
known whether this dichotomy is the result of differential 
toxicity or dense vegetation cover which retained much of the 
insecticide residues in the canopy. The recovery of reduced 
populations was dependent on several factors including 
reproductive rates, mobility of the population, toxicity of 
residues, and effects on predators and competitors. Recovery 
to control levels ranged from a few days to several weeks. 
The overall impact of fenvalerate was a significant, but 
generally short-term, alteration of the arthropod community. 
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Such an alteration may also produce indirect effects on 
insectivorous vertebrates by changing food abundance and 
availability, causing individuals to move to other areas or 
switch to less preferred foods. 
Fenvalerate caused no detectable changes in small mammal 
populations, and probably does not represent a direct lethal 
threat to most small mammal species under field conditions. 
However, shrews, which are chiefly insectivorous in their 
diet, did not occur on this study area in sufficient numbers 
to evaluate the effects of changing food supplies. More 
research is required before it can be shown conclusively that 
insectivores are unaffected by fenvalerate applications. 
Similarly, research is needed on the indirect effects of 
fenvalerate on avian species which are insectivorous as 
juveniles or adults. Since the acute oral toxicity of many 
pyrethroids to birds is relatively low, their greatest impact 
may be through altering food density and ultimately, foraging 
success and nestling survival. 
The duration of both direct and indirect impacts is 
affected by the relatively rapid environmental degradation 
rate of fenvalerate. Residues in the canopy vegetation on 
this old-field site declined rapidly, with 6 to 11 day half-
lives. This rapid degradation helps to explain the rapid 
recovery of population numbers among many arthropod groups and 
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the temporal declines of residues in animal samples. Also, 
little or no evidence of residue bioaccumulation was observed. 
The use of fenvalerate is expected to increase as new 
registrations are granted and its effectiveness is 
demonstrated. Continued efforts should be made to monitor the 
effects of widespread fenvalerate use, especially the more 
subtle indirect effects which may produce short and long-term 
changes in ecosystems. 
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APPENDIX A. GEOMETRIC MEANS (95% CI) FOR 
NUMBERS OF FOLIAR ARTHROPODS CAPTURED 
These tables present the geometric means and 95% confidence 
intervals for the number of foliar arthropods captured per 
plot in sweep nets from 3 control and 3 sprayed plots during 
1980 and 1981. Fenvalerate was applied at the rate of 0.112 
kg/ha on June 9 and August 5, 1980, and June 10 and July 21, 
1981. Data were transformed by X'=log(X+l) because variable 
means were proportional to their standard deviations. 
Geometric means were calculated as the antilog of the 
logarithmic means (X'), and 95% confidence intervals were 
calculated from antilog [X'±(t ,)s']-l, where n-l=2 and 9. \ z / / J- X 
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Table A.l. Geometric means (95% CI) for all Orthoptera 
Collection 
Year date Control Sprayed 
1980 Jun 8 9.8 (6.3,15.6) 16.5 (5.3,51.1) 
11 23.7 (14.7,38.3) 1.4 (0.3,7.0) 
21 62.7 (39.9,98.4) 16.9 (13.2,21.7) 
Jul 1 140.0 (50.5,388.3) 135.4 (60.8,301.6) 
13 333.8 (178.3,624.6) 242.2 (50.5,1162) 
23 470.2 (243.8,906.8) 398.3 (292.2,543) 
Aug 2 355.7 (148.3,853.6) 271.7 (99.1,745.0) 
7 296.5 (217.7,403.8) 60.5 (48.2,75.9) 
17 209.5 (99.9,439.4) 87.9 (30.7,251.2) 
28 155.2 (139.7,172.5)- 65.6 (35.2,122.1) 
1981 Jun 8 20.1 (2.0,208.1) 16.3 (12.9,20.5) 
12 42.7 (14.7,123.7) 4.5 (1.8,10.9) 
18 50.3 (5.8,439.6) 2.6 (0.3,24.7) 
24 167.6 (50.4,557.0) 11.5 (3.5,37.2) 
30 114.6 (11.9,1103.4) 20.8 (8.6,50.5) 
Jul 9 144.1 (36.7,565.2) 45.1 (28.1,72.5) 
20 139.7 (29.5,661.8) 48.0 (10.9,212.1) 
24 226.9 (51.0,1008.8) 11.2 (2.8,45.5) 
29 212.0 (66.7,674.2) 8.8 (1.9,40.7) 
Aug 4 218.5 (102.3,466.7) 23.0 (7.8,67.9) 
11 122.8 (46.1,327.1) 10.9 (4.8,24.9) 
20 126.2 (25.7,620.4) 23.6 (8.2,68.0) 
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Table A.2. Geometric means (95% CI) for short-horned 
grasshoppers (Acrididae) 
Year 
Collection 
date Control Sprayed 
1980 Jun 8 2. 2 (0.3,16.0) 7. 6 (0.8,70.1) 
11 4. 2 (1.8,9.9) 1. 0 (1.0,1.0) 
21 22. 4 (8.5,58.9) 1. 6 (0.2,11.6) 
Jul 1 72. 5 (20.6,254.7) 83 . 4 (19.8,351.6) 
13 256. 0 (127.2,515.2) 174. 5 (27.8,1095.3) 
23 305. 1 (117.3,793.9) 274. 4 (163.5,460.4) 
Aug 2 218. 8 (83.7,571.5) 183. 2 (52.0,645.6) 
7 205. 7 (145.0,291.7) 30. 1 (20.1,45.1) 
17 120. 4 (77.0,188.3) 42. 9 (15.1,121.9) 
28 87. 7 (37.6,204.5) 39. 1 (28.3,54.1) 
1981 Jun 8 6. 6 (0.4,123.4) 4. 9 (1.5,16.7) 
12 7. 9 (0.1,706.1) 1. 4 (0.3,7.0) 
18 30. 3 (2.2,417.9) 1. 8 (0.5,7.2) 
24 116. 4 (27.1,501.2) 3. 8 (0.8,18.2) 
30 69. 8 (5.2,931.7) 15. 8 (6.0,42.0) 
Jul 9 94. 0 (21.2,417.9) 34. 8 (20.9,57.9) 
20 91. 3 (14.1,592.7) 32. 9 (8.4,128.9) 
24 166. 8 (26.4,1052.8) 4. 5 (0.2,113.0) 
29 152. 7 (41.9,556.7) 2. 0 (0.1,48.5) 
Aug 4 163 0 (68.6,386.9) 10. 1 (1.4,73.5) 
11 86. 8 (26.4,285.9) 4. 8 (1.8,12.9) 
20 101. 6 (20.1,514.4) 12. 3 (6.0,25.4) 
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Table A.3. Geometric means (95% CI) for long-horned 
grasshoppers (Tettigoniidae) 
Year 
Collection 
date Control Sprayed 
1980 
1981 
Jun 8 3. 6 (0.9,14.4) 4. 6 (3.4,6.4) 
11 12. 8 (7.5,21.9) 0. 4 (0.0,6.0) 
21 26. 8 (14.8,48.6) 12. 9 (8.8,18.9) 
Jul 1 43. 3 (22.5,83.6) 39. 0 (26.7,57.0) 
13 51. 2 (34.0,77.0) 58. 0 (26.5,126.8) 
23 70. 5 (43.8,113.3) 57. 6 (18.5,179.3) 
Aug 2 44. 7 (10.0,199.0) 38. 6 (12.7,117.6) 
7 43. 5 (21.7,87.2) 16. 7 (7.5,37.6) 
17 60. 9 (12.8,290.4) 26. 8 (1.9,386.5) 
28 39. 6 (15.5,101.5) 13. 2 (1.1,151.9) 
Jun 8 5. 7 (0.1,236.3) 8. 2 (5.3,12.9) 
12 15. 8 (2.5,100.3) 2. 5 (0.9,6.8) 
18 7. 5 (0.4,148.1) 1. 6 (0.2,11.6) 
24 11. 4 (1.0,125.4) 5. 8 (1.4,23.5) 
30 10. 2 (1.5,71.0) 3. 1 (1.0,9.7) 
Jul 9 16. 4 (7.3,36.9) 4. 6 (0.7,28.2) 
20 21. 1 (5.6,79.3) 11. 3 (1.6,79.5) 
24 25. 3 (14.8,43.1) 4. 3 (3.1,5.9) 
29 15. 8 (7.0,35.8) 2 0 (0.4,11.2) 
Aug 4 20. 2 (10.8,37.8) 5. 6 (4.3,7.3) 
11 8. 8 (1.6,47.5) 3. 0 (0.3,36.5) 
20 15. 3 (2.4,98.1) 8 3 (3.5,19.8) 
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Table A.4. Geometric means (95% CI) for crickets (Gryllidae) 
Year 
Collection 
date Control Sprayed 
1980 
1981 
Jun 8 3. 2 (1.2,8.6) 3. 3 (2.2,5.0) 
11 5. 0 (1.3,26.8) 0 
21 9. 7 (3.1,30.2) 1. 5 (0.3,18.0) 
Jul 1 20. 9 (4.1,105.6) 2 . 3 (0.2,42.3) 
13 26. 2 (19.5,35.2) 6. 2 (1.3,30.2) 
23 91. 0 (58.2,142.2) 40. 0 (13.5,118.2) 
Aug 2 86. 5 (50.1,149.6) 50. 6 (27.3,93.9) 
7 41. 8 (17.3,101.2) 10. 7 (2.9,39.9) 
17 26. 3 (16.1,42.9) 12. 4 (3.6,42.4) 
28 24. 0 (11.8,48.8) 10. 7 (5.3,21.5) 
Jun 8 8. 1 (4.2,15.9) 4. 4 (1.5,12.8) 
12 10. 3 (1.2,85.7) 2. 0 (0.4,11.2) 
18 10. 8 (1.2,95.0) . 1. 3 (0.5,3.4) 
24 36. 9 (23.5,58.0) 3. 4 (1.0,11.2) 
30 34. 6 (6.3,190.4) 3. 4 (1.0,11.2) 
Jul 9 35. 1 (9.9,124.3) 7. 0 (4.9,9.9) 
20 27. 1 (9.0,81.3) 5. 5 (1.4,21.7) 
24 32. 7 (14.2,75.0) 2. 6 (0.3,24.7) 
29 44. 1 (17.8,109.6) 5. 8 (2.4,13.7) 
Aug 4 33. 4 (8.0,139.0) 8. 2 (2.9,22.6) 
11 26. 2 (8.9,77.2) 4. 3 (3.1,5.9) 
20 10. 4 (2.8,38.1) 4 8 (0.7,32.9) 
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Table A.5. Geometric means (95% CI) for all Lepidoptera 
Collection 
Year date Control Sprayed 
1980 Jun 8 
11 
21 
Jul 1 
13 
23 
Aug 2 
7 
17 
28 
1981 Jun 8 
12 
18 
24 
30 
Jul 9 
20 
24 
29 
Aug 4 
11 
20 
14. 2 (6.5,30.5) 
24. 5 (17.1,35.1) 
19. 5 (9.5,39.9) 
22. 7 (8.2,62.7) 
19. 5 (17.0,22.7) 
35. 2 (27.7,47.3) 
22. 2 (12.1,40.5) 
25. 7 (24.3,27.1) 
17. 7 (10.0,31.3) 
36. 7 (11.0,122.3) 
53. 5 (37.6,75.4) 
52. 0 (21.2,127.5) 
43. 1 (18.4,100.9) 
38. 9 (30.1,50.2) 
45. 2 (23.6,90.3) 
51. 2 (42.0,52.4) 
48. 8 (14.8,161.2) 
43. 4 (9.8,192.5) 
38. 3 (11.3,129.1) 
35. 7 (14.4,93.2) 
21. 4 (8.5,53.9) 
41. 4 (6.6,259.3) 
10. 3 (4.3,24.6) 
2. 0 (0.4,11.2) 
5. 2 (1.5,18.3) 
9. 2 (5.1,16.6) 
12. 7 (7.1,22.9) 
22. 5 (13.0,39.2) 
32. 4 (11.7,90.3) 
4. 6 (2.6,8.2) 
4. 8 (2.1,10.8) 
5. 6 (5.3,8.3) 
49. 1 (21.4,112.7) 
10. 3 (1.4,73.4) 
8. 9 (3.7,21.9) 
11. 4 (6.4,20.5) 
14. 1 (8.1,24.6) 
19 8 (13.6,28.9) 
23 5 (12.4,44.4) 
7 1 (2.0,24.7) 
6 0 (1.3,26.8) 
16 9 (8.8,32.5) 
8 9 (1.5,52.8) 
20 .4 (10.0,41.5) 
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Table A.6. Geometric means (95% CI) for Lepidoptera larvae 
Collection 
Year date Control Sprayed 
1980 Jun 8 8.1 (2.2,30.3) 8.3 (5.8,11.9) 
11 12.3 (6.0,25.4) 1.4 (0.3,7.0) 
21 5.5 (3.6,11.9) 1.3 (0.5,3.4) 
Jul 1 16.5 (5.5,42.1) 3.8 (1.4,10.2) 
13 15.3 (12.6,18.5) 10.9 (7.2,16.5) 
23 10.1 (2.1,48.2) 10.2 (5.0,17.3) 
Aug 2 8.8 (4.4,17.6) 18.4 (4.9,59.3) 
7 18.0 (9.7,33.3) 2.9 (1.2,5.8) 
17 12.3 (4.5,33.9) 2.0 (0.4,11.2) 
28 25.9 (8.6,83.8) 3.4 (1.0,11.2) 
1981 Jun 8 31.7 (12.4,81.0) 30.5 (10.0,93.3) 
12 25.9 (10.8,62.1) 7.5 (1.1,52.2) 
18 23.1 (11.7,45.6) 1.5 (0.5,4.3) 
24 25.6 (21.0,31.2) 3.5 (1.7,7.4) 
30 27.1 (7.1,103.5) 2.3 (1.3,4.1) 
Jul 9 40.5 (29.8,54.9) 12.2 (7.8,19.0) 
20 41.8 (12.0,145.0) 21.2 (11.7,38.5) 
24 32.8 (10.5,102.2) 2.5 (0.3,19.0) 
29 28.0 (7.9,99.5) 1.4 (0.3,7.0) 
Aug 4 18.2 (5.4,50.9) 1.3 (0.5,3.4) 
11 11.9 (4.9,28.7) 2.7 (0.7,10.1) 
20 35.7 (5.2,261.7) 18.8 (9.2,38.4) 
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Table A.7. Geometric means (95% CI) for Lepidoptera adults 
Collection 
Year date Control Sprayed 
1980 Jun 8 
11 
21 
Jul 1 
13 
23 
Aug 2 
7 
17 
28 
1981 Jun 8 
12 
18 
24 
30 
Jul 9 
20 
24 
29 
Aug 4 
11 
20 
6. 6 (4.4,10.0) 
13. 0 (13.0,13.0) 
13. 9 (6.6,29.4) 
7. 1 (2.3,22.4) 
5. 2 (2.9,9.4) 
24. 7 (9.2,66.5) 
13. 1 (3.0,57.8) 
7. 1 (1.1,46.9) 
5. 5 (1.4,21.7) 
10. 3 (2.2,46.9) 
20. 5 (7.2,58.5) 
25. 9 (6.7,100.0) 
20. 4 (6.0,69.6) 
13. 4 (4.3,41.9) 
18. 5 (14.2,24.4) 
11. 0 (3.9,31.3) 
7. 8 (2.6,23.2) 
11. 0 (1.1,109.7) 
11. 0 (3.1,38.6) 
19. 2 (9.6,38.5) 
10. 6 (4.4,25.7) 
5 2 (2.9,9.4) 
2. 6 0.3,24.7) 
1. 6 0.6,4.3) 
4. 9 1.5,16.7) 
6. 1 2.6,14.1) 
2. 7 0.7,10.1) 
13. 3 6.9,25.6) 
14. 5 6.5,32.5) 
2. 6 1.5,4.7) 
3. 6 2.4,5.5) 
3. 9 2.1,7.4) 
19. 2 13.9,26.5) 
3. 8 0.8,18.2) 
8. 2 2.8,23.8) 
8. 5 3.2,22.5) 
12. 6 6.0,26.7) 
8. 6 5.4,13.5) 
2. 6 0.3,24.7) 
4. 8. 0.7,32.9) 
5 5 1.5,20.7) 
16 6 8.6,32.1) 
7 1 1.1,46.2) 
2 6 1.5,4.7) 
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Table A.8. Geometric means (95% CI) for spiders (Araneae) 
Collection 
Year date Control Sprayed 
1980 
1981 
Jun 8 27. 3 (9.6,77.4) 30. 9 (22.9,41.5) 
11 49. 5 (10.8,227.7) 11. 1 (2.5,49.7) 
21 67. 3 (23.9,189.2) 19. 2 (10.2,36.3) 
Jul 1 38, 3 (8.4,174.1) 27. 6 (5.3,143.5) 
13 31. 0 (14.2,67.5) 20. 0 (11.5,34.8) 
23 37. 4 (25.9,34.0) 28. 1 . (9.1,86.9) 
Aug 2 68. 5 (22.3,209.6) 74. 3 (44.6,124.2) 
7 124. 6 (58.5,265.3) 43. 6 (28.5,66.5) 
17 58. 9 (32.9,105.3) 38, 5 (13.0,114.1) 
28 75. 3 (14.7,385.9) 73. 4 (28.0,192.8) 
Jun 8 51. 2 (30.0,87.4) 47. 9 (32.3,71.2) 
12 64. 9 (45.8,91.9) 33. 3 (29.7,37.3) 
18 81. 1 (65.3,100.7) 39. 3 (26.1,59.1) 
24 62 . 1 (41.3,93.5) 41. 3 (28.4,60.2) 
30 63. 2 (43.2,92.3) 51. 0 (25.8,100.9) 
Jul 9 50. 9 (21.7,119.4) 37. 2 (22.9,60.5) 
20 64. 4 (16.2,255.9) 31. 4 (20.7,47.5) 
24 77. 3 (27.4,217.8) 22. 2 (9.8,50.1) 
29 57. 9 (40.3,83.2) 21. 3 (11.5,39.2) 
Aug 4 71. 0 (30.2,166.8) 49 3 (45.7,53.2) 
11 57. 8 (25.7,130.0) 25 0 (15.4,40.5) 
20 63. 6 (45.8,88.3) 46 7 (45.2,48.1) 
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Table A.9. Geometric means (95% CI) for Homoptera 
Collection 
Year date Control Sprayed 
1980 Jun 8 127.0 (33.2,485.6) 115.4 (75.1,177.4) 
11 180.5 (47.3,688.7) 48.2 (5.2,449.5) 
21 159.6 (42.1,604.7) 56.6 (48.1,66.6) 
Jul 1 324.2 (99.2,1059.4) 108.1 (21.9,534.7) 
13 108.6 (20.8,567.7) 40.3 (7.8,210.0) 
23 121.1 (100.6,145.8) 61.8 (37.4,102.3) 
Aug 2 278.2 (128.4,603.0) 173.1 (121.3,247.2) 
7 531.0 (310.5,908.0) 84.5 (60.4,118.2) 
17 332.3 (162.0,681.7) 64.2 (26.4,156.1) 
28 274.9 (40.6,1862.1) 169.5 (56.3,510.1) 
1981 Jun 8 684.1 (429.2,978.7) 713.7 (391.8,1300.0) 
12 517.1 (318.2,840.6) 140.1 (61.7,318.5) 
18 420.5 (283.0,624.7) 155.6 (83.9,288.3) 
24 829.4 (700.5,982.0) 428.2 (253.3,723.9) 
30 423.1 (234.2,764.5) 197.1 (112.4,345.8) 
Jul 9 472.2 (382.8,582.4) 221.2 (137.8,355.2) 
20 196.4 (83.1,464.3) 98.8 (67.1,145.6) 
24 247.0 (120.8,504.9) 60.2 (28.5,126.8) 
29 262.8 (129.3,534.2) 47.4 (23.2,96.7) 
Aug 4 440.2 (196.9,984.1) 162.9 (88.1,301.5) 
11 348.9 (134.5,905.1) 204.4 (61.5,679.7) 
20 387.8 (306.2,491.2) 221.1 (97.3,502.3) 
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Table A.10. Geometric means (95% CI) for flies (Diptera) 
Collection 
Year date Control Sprayed 
1980 Jun 8 277.8 (86.9,888.5) 252.5 (167.3,381.5) 
11 406.3 (265.0,629.2) 122.1 (61.8,241.4) 
21 536.0 (330.0,870.7) 324.2 (234.7,447.9) 
Jul 1 584.0 (367.9,927.1) 470.9 (186.5,1189.2) 
13 187.2 (99.9,350.6) 185.2 (121.8,281.6) 
23 106.5 (23.5,482.3) 152.5 (134.7,482.3) 
Aug 2 227.5 (114.4,452.5) 258.9 (206.4,324.8) 
7 129.8 (86.4,195.1) 44.9 (38.8,52.1) 
17 163.7 (62.9,426.0) 131.5 (48.0,360.4) 
28 250.6 (73.5,854.3) 224.8 (170.8,295.8) 
1981 Jun 8 375.1 (201.5,697.9) 401.3 (231.3,696.3) 
12 271.3 (146.4,502.9) 63.0 (16.9,235.1) 
18 343.5 (163.2,723.2) 105.6 (93/5,119.3) 
24 517.7 (188.7,1420.0) 332.4 (183.3,602.7) 
30 584.5 (313.6,1089.4) 314.4 (173.3,570.5) 
Jul 9 586.6 (315.5,1090.7) 459.9 (328.6,643.8) 
20 244.4 (89.6,666.6) 248.7 (154.0,434.3) 
24 283.7 (166.9,482.0) 79.3 (20.2,311.6) 
29 329.8 (114.7,948.3) 115.0 (29.4,450.2) 
Aug 4 417.7 (227.3,767.8) 225.5 (93.0,546.6) 
11 407.8 (89.7,1853.7) 325.9 (102.0,1041.7) 
20 389.4 (144.6,1048.4) 320.1 (106.4,963.1) 
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Table A.11. Geometric means (95% CI) for thrips (Thysanoptera) 
Collection 
Year date Control Sprayed 
1980 Jun 8 381.5 (75.9,1918.9) 187.0 (27.7,1261.0) 
11 453.1 (105.5,1946.5) 76.1 (25.3,228.1) 
21 831.5 (404.8,1707.9) 269.4 (91.4,794.0) 
Jul 1 704.3 (299.7,1655.0) 538.5 (280.2,1034.9) 
13 234.2 (50.6,1083.8) 252.6 (84.8,752.3) 
23 48.5 (6.5,363.1) 87.7 (29.3,262.5) 
Aug 2 247.9 (111.6,550.7) 292.9 (164.2,522.5) 
7 422.6 (355.2,502.8) 139.9 (31.5,622.5) 
17 65.3 (28.6,148.8) 59.8 (14.6,245.2) 
28 34.0 (11.5,100.4) 37.2 (19.7,70.3) 
1981 Jun 8 442.8 (76.7,2557.1) 627.3 (257.5,1528.6) 
12 357.6 (26.0,4922.8) 202.0 (77.8,524.8) 
18 534.0 (190.5,1496.7) 363.5 (133.3,991.3) 
24 727.8 (132.6,3993.6) 853.9 (447.8,1631.9) 
30 594.5 (51.1,6915.0) 670.3 (367.9,1221.2) 
Jul 9 357.8 (77.5,1652.9) 534.8 (127.2,2248.7) 
20 163.9 (45.1,595.8) 226.8 (24.6,2092.0) 
24 128.4 (55.4,297.4) 64.5 (40.3,103.2) 
29 100.7 (38.7,261.8) 45.2 (3.7,559.5) 
Aug 4 93.9 (35.1,251.1) 83.5 (28.3,246.5) 
11 80.1 (51.1,125.6) 154.4 (60.3,395.1) 
20 148.4 (77.7,283.7) 169.4 (70.6,406.7) 
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Table A.12. Geometric means (95% CI) for beetles (Coleoptera) 
Collection 
Year date Control Sprayed 
1980 Jun 8 98.8 (55.2,175.9) 73.2 (16.9,317.9) 
11 114.5 (44.6,294.0) 23.6 (8.2,68.0) 
21 211.6 (122.9,364.2) 102.2 (33.2,313.8) 
Jul 1 122.1 (71.9,207.3) 75.5 (19.1,298.6) 
13 87.5 (13.7,559.6) 56.5 (33.4,95.5) 
23 148.4 (22.5,979.5) 120.5 (8.2,1773.9) 
Aug 2 176.9 (61.1,512.5) 163.5 (35.0,763.1) 
7 233.2 (49.0,1109.5) 64.3 (34.3,120.6) 
17 325.0 (114.3,924.2) 249.5 (141.4,440.4) 
28 241.2 (50.8,1146.1) 209.7 (50.9,863.2) 
1981 Jun 8 163.8 (89.0,301.4) 144.4 (92.0,226.5) 
12 110.2 (56.3,215.7) 25.3 (15.0,42.7) 
18 115.2 (31.8,417.4) 38.5 (21.2,70.3) 
24 216.6 (59.6,787.4) 160.5 (56.7,454.6) 
30 132.6 (32.0,550.3) 105.3 (33.2,333.9) 
Jul 9 64.2 (29.2,137.7) 96.2 (51.7,179.3) 
20 98.3 (13.5,712.7) 58.0 (8.2,411.4) 
24 162.8 (48.8,543.3) 48.9 (20.0,119.8) 
29 183.1 (63.1,530.9) 47.1 (7.8,286.4) 
Aug 4 214.9 (150.3,307.2) 82.3 (25.6,264.7) 
11 128.3 (37.0,445.0) 102.9 (49.9,212.3) 
20 165.7 (67.9,404.5) 147.4 (111.7,194.5) 
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Table A.13. Geometric means (95% CI) for leaf beetles 
(Chrysomelidae) 
Collection 
Year date Control Sprayed 
Ï98Ô Jun 8 44.0 (18.0,107.5) 31.7 (2.0,495.5) 
11 48.2 (12.1,192.7) 7.2 (4.4,12.0) 
21 140.6 (96.5,204.9) 39.9 (25.5,62.4) 
Jul 1 72.5 (33.2,158.0) 32.9 (7.9,137.5) 
13 35.6 (1.3,993.7) 31.5 (8.3,120.1) 
23 89.0 (8.9,891.9) 92.5 (3.3,2610.4) 
Aug 2 143.8 (40.5,510.1) 141.7 (26.9,744.9) 
7 213.8 (44.6,1024.3) 52.2 (22.9,118.7) 
17 283.8 (97.2,828.3) 207.2 (125.0,340) 
28 215.0 (39.5,1168.3) 188.3 (40.7,871.3) 
1981 Jun 8 105.1 (36.1,,306.0) 60.1 (17.8,202.5) 
12 21.4 (2.0,224.6) 7.0 (3.0,16.7) 
18 37.6 (2.7,528.1) 17.3 (13.9,21.5) 
24 122.9 (23.4,645.2) 75.9 (10.2,562.6) 
30 73.3 (15.1,355.4) 58.5 (10.8,317.1) 
Jul 9 29.8 (21.0,42.2) 42.6 (10.1,179.5) 
20 54.2 (4.2,987.9) 35.4 (2.5,534.7) 
24 129.1 (29.5,565.5) 22.1 (3.1,157.0) 
29 141.8 (44.1,456.4) 24.0 (1.7,336.5) 
Aug 4 150.5 (119.0,190.4) 45.0 (5.7,301.6) 
11 94.8 (30.7,293.1) 57.0 (13.3,244.0) 
20 98.1 (70.2,137.0) 74.7 (32.7,170.4) 
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Table A.14. Geometric means (95% CI) for ladybird beetles 
(Coccinellidae) 
Year 
Collection 
date Control Sprayed 
Jun 8 10. 1 (3.2,28.0) 5. 8 (0.9,22.8) 
11 11. 8 (3.3,37.2) 0. 4 (0.0,6.0) 
21 8. 1 (1.1,38.9) 2. 9 (0.0,30.3) 
Jul 1 2. 4 (0.0,10.2) 0. 4 (0.0,6.0) 
13 4. 0 (0.0,36.1) 0 
23 2. 3 (0.0,13.1) 0. 4 (0.0,6.0) 
Aug 2 0 0 
7 0 0 
17 4. 1 (0.3,19.1) 1. 9 (0.0,12.9) 
28 5. 8 (1.1,21.4) 2. 1 (0.0,8.7) 
Jun 8 10. 5 (7.3,15.2) 8. 7 (3.7,19.0) 
12 6. 4 (0.0,137.0) 1. 6 (0.5,3.7) 
18 4. 4 (1.3,12.1) 2. 6 (0.7,6.4) 
24 9. 2 (2.3,30.8) 4. 2 (1.6,9.5) 
30 7 0 (0.0,105.7) 0. 6 (0.0,10.6) 
Jul 9 1. 6 (0.5,3.7) 0. 4 (0.0,6.0) 
20 0. 8 (0.0,6.2) 0. 3 (0.0,2.4) 
24 0. 7 (0.0,16.2) 0. 3 (0.0,2.4) 
29 0. 3 (0.0,2.4) 0 
Aug 4 1. 1 (0.0,9.0) 1 0 (1.0,1.0) 
11 0. 3 (0.0,2.4) 0 3 (0.0,2.4) 
20 5. 2 (2.5,10.2) 2 9 (0.0,15.9) 
1980 
1981 
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Table A.15. Geometric means (95% CI) for beetle larvae 
Year 
Collection 
date Control Sprayed 
1980 
1981 
Jun 8 21 2 (11.3,39.7) 17.0 (1.1,256.8) 
11 33 .5 (24.1,46.5) 4.8 (1.8,12.9) 
21 29 1 (12.3,69.1) 3.3 (0.8,13.1) 
Jul 1 26 2 (7.5,91.6) 2.5 (0.3,18.4) 
13 13 .0 (6.7,25.2) 13.2 (4.4,39.2) 
23 7 .6 (5.3,10.9) 2.6 (0.2,42.6) 
Aug 2 6 .8 (1.5,30.0) 4.2 (1.8,9.9) 
7 6 .3 (2.3,17.0) 2.3 (1.3,4.1) 
17 4 .4 (0.8,23.8) 2.7 (0.7,10.1) 
28 10 .5 (0.9,123.1) 10.1 (2.8,36.7) 
Jun 8 12 .4 (1.7,87.4) 15.2 (7.4,31.2) 
12 24 .8 (4.8,128.9) 5.1 (1.3,20.1) 
18 10 .8 (2.6,45.1) 3.8 (1.4,10.2) 
24 31 .6 (3.2,312.0) 6.4 (1.8,22.7) 
30 46 .5 (4.7,464.6) 5.8 (2.4,13.7) 
Jul 9 42 .6 (13.8,131.6) 4.5 (1.8,10.9) 
20 28 .4 (3.4,236.0) 4.4 (1.5,12.8) 
24 25 .3 (8.0,79.7) 4.8 (1.8,12.9) 
29 20 .1 (12.3,32.8) 4.6 (3.4,6.4) 
Aug 4 20 .4 (5.3,79.4) 4.9 (3.0,8.2) 
11 11 .3 (0.5,282.1) 3.3 (0.3,43.1) 
20 16 .0 (16.0,16.0) 8.1 (2.7,24.7) 
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Table A.16. Geometric means (95% CI) for true bugs (Hemiptera) 
Collection 
Year date Control Sprayed 
1980 Jun 8 256.6 (91.9,716.8) 159.0 (83.7,301.7) 
11 243.1 (165.3,357.3) 46.7 (19.4,112.5) 
21 367.1 (138.1,975.5) 146.4 (120.3,178.1) 
Jul 1 910.4 (188.4,4400.2) 411.3 (44.0,3843.1) 
13 839.2 (398.1,1768.8) 689.2 (256.3,1853.4) 
23 615.9 (551.9,687.4) 644.2 (398.5,1041.6) 
Aug 2 697.1 (529.4,918.0) 690.8 (262.7,1816.3) 
7 749.6 (443.7,1266.2) 403.3 (84.4,1926.2) 
17 414.4 (214.4,801.1) 505.7 (221.1,1156.6) 
28 556.3 (188.3,1643.6) 636.8 (373.0,1087.3) 
1981 Jun 8 89.8 (13.5,597.9) 141.1 (62.3,319.8) 
12 132.7 (18.2,965.8) 52.1 (11.9,228.4) 
18 122.1 (21.5,693.8) 81.8 (32.7,204.3) 
24 187.6 (30.4,1156.5) 164.2 (68.7,392.3) 
30 288.0 (46.0,1803.8) 177.4 (92.2,341.2) 
Jul 9 371.5 (111.5,1237.4) 294.6 (148.5,584.6) 
20 322.1 (33.9,3062.9) 194.2 (95.4,395.6) 
24 288.3 (50.4,1649.2) 70.1 (47.3,103.7) 
29 322.5 (52.9,1965.2) 67.4 (40.4,112.1) 
Aug 4 381.7 (67.2,2168.8) 147.5 (76.3,285.0) 
11 301.4 (37.0,2458.4) 172.1 (110.0,269.3) 
20 434.4 (63.8,2960.7) 298.2 (239.0,372.1) 
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Table A.17. Geometric means (95% CI) for herbivorous 
Hemiptera (Adults) 
Year 
Collection 
date Control Sprayed 
1980 Jun 8 45. 0 (10.7,198.3) 43. 2 (15.5,113.2) 
11 51. 5 (29.5,89.5) 9. 0 (5.8,11.8) 
21 85. 4 (52.3,142.9) 40. 9 (32.7,51.1) 
Jul 1 224. 1 (45.3,1083.9) 105. 3 (5.1,1850.8) 
13 395. 5 (145.9,1077.9) 219. 9 (59.1,817.7) 
23 390. 8 (244.0,525.9) 355. 7 (158.9,791.7) 
Aug 2 342. 5 (202.7,578.9) 302. 2 (84.3,1083.5) 
7 460. 4 (290.7,729.3) 215. 9 (34.5,1347.9) 
17 255. 9 (214.1,305.8) 308. 0 (75.7,1235.5) 
28 195. 0 (79.0,480.9) 155. 9 (49.0,558.3) 
1981 Jun 8 42. 0 (5.8,259.1) 52. 5 (44.9,87.3) 
12 53 . 8 (5.5,513.8) 30. 5 (9.9,94.5) 
18 55. 9 (8.7,370.1) . 50. 5 (28.9,88.0) 
24 92. 5 (24.4,351.2) 52. 3 (47.3,57.8) 
30 145. 1 (29.2,732.1) 51. 1 (21.5,120.8) 
Jul 9 195. 3 (57.5,554.8) 98. 5 (55.7,145.5) 
20 191. 8 (21.2,1735.4) 93. 9 (50.0,175.4) 
24 189. 3 (33.9,1055.4) 34. 7 (17.3,59.7) 
29 202. 2 (44.3,923.2) 38. 3 (14.3,103.1) 
Aug 4 212. 1 (42.5,1058.5) 81. 2 (53.5,123.4) 
11 128. 9 (15.0,1040.9) 75 5 (49.9,117.4) 
20 171. 8 (25.8,1145.0) 95 4 (75.4,119.1) 
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Table A.18. Geometric means (95% CI) for predaceous Hemiptera 
(Adults) 
Collection 
Year date Control Sprayed 
Jun 8 122. 9 (70.0,216.0) 54 1 (12.1,240.6) 
11 86. 3 (42.8,174.2) 15 8 (4.7,53.5) 
21 110. 8 (49.5,248.3) 54 3 (19.1,154.3) 
Jul 1 110. 1 (46.8,259.1) 53 0 (17.2,162.9) 
13 44. 1 (33.3,58.6) 63 1 (24.2,164.5) 
23 21. 2 (11.7,38.6) 25 .0 (12.0,52.0) 
Aug 2 49. 4 (23.2,105.1) 46 .0 (20.5,103.4) 
7 81. 2 (26.0,253.5) 19 .4 (4.8,77.9) 
17 74. 7 (8.9,628.0) 104 .5 (87.3,125.0) 
28 110. 3 (45.0,270.2) 129 .8 (86.5,194.9) 
Jun 8 31. 1 (2.1,461.3) 57 .9 (8.7,385.2) 
12 33 . 3 (2.6,429.1) 9 .3 (0.8,108.2) 
18 32. 0 (2.7,379.8) 14 .8 (1.0,211.0) 
24 27. 8 (10.4,74.6) 55 . 1 (9.0,336,4) 
30 35. 8 (25.3,50.6) 25 .2 (11.4,55.6)) 
Jul 9 16. 3 (15.0,17.8) 13 .7 (12.3,15.2) 
20 11. 7 (4.2,32.1) 9 .3 (1.3,68.1) 
24 8. 6 (2.5,29.0) 4 .0 (1.2,13.4) 
29 8. 9 (2.4,32.7) 2 .6 (1.5,4.7) 
Aug 4 20. 7 (5.8,74.4) 8 .5 (3.2,22.5) 
11 18. 1 (5.2,62.9) 21 .9 (10.1,47.9) 
20 32. 9 (17.4,62.3) 47 .0 (33.4,66.2) 
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Table A.19. Geometric means (95% CI) for springtails 
(Collembola) 
Collection 
Year date Control Sprayed 
Î98Ô Jun 8 140 (16,1255) 114 (26,508) 
11 743 (112,4931) 361 (167,782) 
21 738 (34,15954) 759 (118,4865) 
Jul 1 768 (97,6061) 1688 (1014,2806) 
13 124 (24,645) 343 (209,564) 
23 176 (52,599) 546 (256,1162) 
Aug 2 209 (67,649) 459 (200,1055) 
7 114 (78,166) 350 (99,1229) 
17 89 (12,679) 284 (38,2114) 
28 66 (7,636) 254 (36,1801) 
1981 Jun 8 315 (41,2398) 518 (473,567) 
12 268 (63,1136) 475 (138,1635) 
18 122 (7,2172) 305 (88,1058) 
24 299 (22,4116) 803 (586,1100) 
30 877 (159,4844) 1846 (1213,2809) 
Jul 9 891 (330,2403) 1919 (1142,3222) 
20 117 (37,372) 594 (458,771) 
24 90 (11,780) 625 (303,1288) 
29 171 (25,1153) 773 (421,1419) 
Aug 4 452 (63,3242) 1690 (1018,2802) 
11 239 (47,1222) 687 (417,1130) 
20 195 (74,512) 540 (154,1892) 
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Table A.20. Geometric means (95% CI) for green lacewings 
(Neuroptera; Chrysopidae) 
Collection 
Year date Control Sprayed 
Î98Ô Jun 8 4.3 (3.1,5.9) 2.6 (1.5,4.7) 
11 11.0 (1.9,62.4) 2.9 (1.2,6.8) 
21 3.2 (1.2,8.6) 3.5 (0.2,51.0) 
Jul 1 14.3 (5.2,38.8) 13.9 (4.3,45.0) 
13 0 1.0 (1.0,1.0) 
23 1.6 (0.6,4.3) 1.6 (0.2,11.6) 
Aug 2 3.9 (2.1,7.4) 6.5 (2.1,20.6) 
7 9.9 (5.9,16.3) 3.8 (0.2,62.2) 
17 10.7 (9.3,12.2) 5.5 (2.7,11.3) 
28 5.2 (0.9,32.2) 4.6 (1.3,16.0) 
1981 Jun 8 2.6 (1.5,4.7) 3.1 (1.0,9.7) 
12 3.1 (1.0,9.7) 2.3 (1.3,4.1) 
18 1.3 (0.5,3.4) . 2.5 (0.9,6.8) 
24 6.4 (1.8,22.7) 3.1 (1.0,9.7) 
30 18.4 (0.8,395.1) 11.0 (0.9,133.8) 
Jul 9 4.7 (1.6,13.6) 9.4 (1.2,74.2) 
20 1.6 (0.6,4.3) 1.0 (1.0,1.0) 
24 1.3 (0.5,3.4) 1.0 (1.0,1.0) 
29 1.3 (0.5,3.4) 1.3 (0.5,3.4) 
Aug 4 4.4 (0.5,37.4) 2.0 (0.4,11.2) 
11 4.5 (1.8,10.9) 2.2 (0.3,15.0) 
20 2.3 (0.4,14.1) 2.0 (0.4,11.2) 
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Table A.21. Geometric means (95% CI) for all Hymenoptera 
Collection 
Year date Control Sprayed 
1980 Jun 8 62.9 (9.8,405.1) 37.4 (16.8,83.3) 
11 45.2 (25.7,79.6) 31.3 (16.6,59.2) 
21 58.0 (36.2,92.9) 63.9 (34.1,120.1) 
Jul 1 59.2 (24.6,142.4) 56.8 (45.0,71.7) 
13 208.6 (104.5,416.6) 133.1 (42.1,421.2) 
23 436.3 (86.6,2197.3) 455.6 (124.0,1674.0) 
Aug 2 46.7 (10.4,209.5) 45.2 (19.3,105.5) 
7 32.7 (16.2,66.4) 25.2 (5.3,120.1) 
17 108.9 (84.4,140.7) 126.5 (83.7,191.1) 
28 169.1 (146.0,195.9) 172.0 (125.1,236.6) 
1981 Jun 8 159.4 (68.1,373.3) 189.3 (101.2,354.0) 
12 203.7 (84.1,493.6) 159.3 (112.3,225.9) 
18 346.6 (113.1,1061.9) 232.5 (113.1,478.1) 
24 367.9 (258.5,523.7) 360.9 (186.2,699.7) 
30 352.4 (313.9,395.6) 284.1 (126.6,637.7) 
Jul 9 274.8 (215.7,350.0) 211.5 (142.5,313.8) 
20 126.4 (62.2,256.9) 152.1 (83.2,278.1) 
24 173.7 (52.2,577.5) 131.6 (67.0,258.3) 
29 148.4 (111.6,197.2) 149.1 (38.3,580.4) 
Aug 4 181.6 (138.5,238.2) 227.6 (177.7,291.5) 
11 178.7 (80.1,398.6) 190.6 (111.2,326.8) 
20 173.9 (93.7,322.8) 166.6 (81.7,339.8) 
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Table A.22. Geometric means (95% CI) for Chalcidoidea 
(Hymenoptera) 
Collection 
Year date Control Sprayed 
1980 Jun 8 107. 9 (58.2,200.1) 137. 5 (80.6,234.5) 
12 139. 3 (112.2,172.9) 113. 8 (59.8,216.7) 
18 234. 0 (59.8,915.5) 151. 2 (44.8,509.8) 
24 262. 8 (141.3,488.9) 295. 6 (123.3,708.9) 
30 272. 9 (186.9,398.6) 227. 9 (84.1,618.2) 
Jul 9 219. 2 (167.3,287.0) 180. 7 (120.2,271.5) 
20 88. 3 (27.9,278.8) 115. 0 (59.3,223.3) 
24 134. 3 (35.7,504.6) 114. 6 (65.1,201.8) 
29 148. 4 (111.6,197.2) 149. 1 (38.3,580.4) 
Aug 4 181. 6 (138.5,238.2) 227. 6 (177.7,291.5) 
11 178. 7 (80.1,398.6) 190. 6 (111.2,326.8) 
20 173. 9 (93.7,322.8) 166. 6 (81.6,339.8) 
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Table A.23. Geometric means (95% CI) for Ichneumonoidea 
(Hymenoptera) 
Collection 
Year date Control Sprayed 
1981 Jun 8 31. 9 (23.9,42.5) 28. 4 (19.1,42.3) 
12 30. 4 (8.1,113.5) 6. 2 (1.0,38.1) 
18 67. 7 (51.5,89.1) 14. 9 (2.1,105.5) 
24 80. 1 (38.4,167.2) 28. 9 (14.4,57.9) 
30 39. 6 (26.1,60.2) 16. 1 (5.3,49.0) 
Jul 9 25. 0 (9.6,65.1) 8. 8 (1.9,40.7) 
20 21. 5 (11.1,41.8) 14. 5 (5.1,41.4) 
24 20. 9 (9.6,45.5) 3. 3 (0.2,43.3) 
29 20. 2 (13.9,29.2) 7. 0 (3.0,16.7) 
Aug 4 19. 6 (17.0,22.7) 7. 8 (1.0,60.1) 
11 6. 1 (0.1,361.0) 10. 6 (4.8,23.4) 
20 26. 4 (10.4,66.9) 22. 4 (8.5,58.9) 
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Table A.24. Geometric means (95% CI) for Apoidea 
(Hymenoptera) 
Collection 
Year date Control Sprayed 
Ï98Ô Jun 8 37.0 (25.2,54.4) 21.1 (9.0,49.5) 
11 29.3 (23.7,36.2) 24.2 (8.7,67.2) 
21 30.2 (15.6,58.6) 32.3 (20.2,51.6) 
Jul 1 15.2 (7.2,32.2) 17.9 (9.5,33.7) 
13 12.0 (3.4,41.9) 10.4 (5.5,19.6) 
23 7.2 (1.0,51.8) 10.2 (3.0,34.8) 
Aug 2 6.2 (0.5,72.3) 8.5 (1.0,73.6) 
7 4.5 (1.8,10.9) 6.5 (3.6,11.9) 
17 5.3 (1.2,23.8) 11.2 (1.0,122.4) 
28 7.5 (3.9,14.3) 5.0 (1.6,15.3) 
1981 Jun 8 6.1 (0.0,1032.4) 12.4 (0.6,268.3) 
12 10.6 (0.1,1235.5) 18.9 (0.6,596.5) 
18 29.0 (1.5,576.4) .49.2 (10.7,226.2) 
24 12.8 (2.2,74.9) 21.4 (2.6,177.9) 
30 25.9 (7.5,89.7) 30.5 (17.8,52.1) 
Jul 9 18.0 (9.7,33.3) 15.4 (8.7,27.3) 
20 5.2 (2.6,10.5) 9.1 (2.1,39.9) 
24 4.2 (1.8,9.9) 8.7 (3.9,19.6) 
29 10.8 (6.1,19.2) 11.6 (1.5,88.5) 
Aug 4 11.5 (3.1,42.7) 16.6 (4.5,61.7) 
11 5.7 (0.4,87.4) 4.7 (0.2,138.5) 
20 3.6 (1.7,7.4) 8.1 (0.8,78.6) 
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APPENDIX B. GEOMETRIC MEANS (95% CI) FOR 
NUMBERS OF GROUND ARTHROPODS CAPTURED 
These tables present the geometric means and 95% confidence 
intervals for the number of ground arthropods captured per 
plot in pitfall traps from 3 control and 3 sprayed plots 
during 1980 and 1981. Fenvalerate was applied at the rate of 
0.112 kg/ha on June 9 and August 5, 1980, and June 10 and July 
21, 1981. Data were transformed by X'=log(X+l) because 
variable means were proportional to their standard deviations. 
Geometric means were calculated as the antilog of the 
logarithmic means (X'), and 95% confidence intervals were 
calculated from antilog [X'±(t ,)s']-l, where n-l=2 and 
a \ , n— J. X 
^.05,2=4.303' 
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Table B.l. Geometric means (95% CI) for ground beetles 
(Carabidae) 
Collection 
Year date Control Sprayed 
1980 Jun 3 23. 4 (8.4,65.2) 20. 8 (13.7,31.5) 
11 18. 4 (8.6,39.5) 36. 5 (13.5,98.7) 
25 120. 4 (20.0,726.7) 125. 4 (17.3,911.3) 
Jul 9 615. 9 (122.9,3087.3) 603. 6 (308.1,1182) 
23 163. 1 (17.9,1483.6) 121. 4 (38.1,387.4) 
Aug 7 561. 9 (160.5,1966.7) 123. 8 (14.2,1079) 
20 205. 8 (30.3,1396.8) 128. 9 (45.6,364.4) 
1981 Jun 1 55. 9 (47.8,65.5) 47. 7 (25.4,89.5) 
11 69. 4 (53.7,89.8) 50. 2 (33.1,76.1) 
22 77. 6 (30.9,195.1) 58. 9 (41.1,84.6) 
Jul 2 77. 7 (39.7,152.3) 35. 2 (21.8,56.9) 
13 69. 1 (31.1,153.2) . 45. 7 (14.0,149.2) 
22 105. 0 (25.1,439.9) 48. 5 (22.2,105.9) 
Aug 3 102. 5 (29.1,360.8) 94. 5 (78.5,113.8) 
12 72. 5 (30.3,173.6) 87. 4 (49.6,154.1) 
21 131. 0 (48.5,354.5) 106. 3 (70.1,161.3) 
132 
Table B.2. Geometric means (95% CI) for crickets (Gryllidae) 
Collection 
Year date Control Sprayed 
1980 Jun 3 28 .4 (1.6,514.0) 18 .9 (0.8,496.2) 
11 309 .1 (75.2,1269.6) 120 .6 (36.0,403.4) 
25 515 .3 (213.4,1244.7) 210 .0 (78.1,565.7) 
Jul 9 277 .7 (48.6,1588.6) 175 .5 (118.1,260.9 
23 203 .8 (101.9,407.5) 283 1 (205.5,390.0 
Aug 7 148 .6 (71.3,309.6) 152 .2 (101.1,229.4 
20 74 .4 (34.4,160.7) 155 .2 (70.8,340.5) 
1981 Jun 1 13 .5 (3.5,51.9) 4 .4 (0.1,124.2) 
11 33 .4 (19.2,58.3) 10 .1 (2.1,48.2) 
22 127 .9 (62.5,261.6) 105 .1 (18.8,586.8) 
Jul 2 145 .7 (82.4,257.7) 115 .4 (29.3,454.6) 
13 102 .5 (41.0,256.1) 83 .1 (22.5,306.9) 
22 113 .0 (75.7,168.8) 64 .7 (36.0,116.3) 
Aug 3 100 .4 (41.8,240.9) 54 .7 (34.6,86.6) 
12 49 .8 (27.8,89.2) 39 .0 (34.9,43.5) 
21 101 .0 (32.1,317.5) 49 .9 (24.1,103.2) 
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Table B.3. Geometric means (95% CI) for wolf spiders 
(Lycosidae) 
Collection 
Year date Control Sprayed 
1980 Jun 3 20.8 (14.1,30.9) 12.1 (6.3,23.2) 
11 13.1 (5.5,31.4) 10.0 (7.8,12.8) 
25 7.8 (4.2,14.8) 8.1 (2.2,30.3) 
Jul 9 13.8 (4.2,45.5) 9.2 (2.4,34.9) 
23 19.8 (12.8,30.6) 9.8 (2.1,45.6) 
Aug 7 9.4 (2.4,37.5) 13.4 (5.3,34.0) 
20 13.1 (5.2,33.0) 12.8 (5.4,30.3) 
1981 Jun 1 42.5 (23.5,76.9) 33.2 (20.6,53.8) 
11 30.9 (12.8,75.1) 30.2 (8.1,112.9) 
22 24.5 (21.1,28.8) 13.3 (4.3,41.4) 
Jul 2 17.3 (6.2,48.0) 18.3 (14.9,22.5) 
13 19.1 (7.7,47.7) . 22.9 (17.3,30.3) 
22 12.3 (1.7,87.9) 12.7 (6.1,26.3) 
Aug 3 11.7 (10.3,13.2) 11.2 (6.9,18.1) 
12 5.4 (1.5,20.2) 8.4 (3.9,18.1) 
21 8.1 (3.8,17.2) 7.5 (3.9,14.4) 
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Table B.4. Geometric means (95% CI) for harvestmen 
(Phalangida) 
Collection 
Year date Control Sprayed 
1980 Jun 3 6.1 (1.2,31.6) 10.0 (3.3,30.7) 
11 43.7 (25.4,75.2) 45.9 (16.5,127.1) 
25 91.2 (39.2,212.5) 35.5 (7.1,188.9) 
Jul 9 49.1 (12.5,192.9) 39.3 (8,9,173.3) 
23 47.9 (6.0,383.7) 31.8 (12.4,81.5) 
Aug 7 27.9 (7.3,106.7) 31.8 (15.9,63.8) 
20 19.9 (1.2,331.0) 40.6 (34.8,47.4) 
1981 Jun 1 1.3 (0.5,3.4) 2.1 (0.4,10.1) 
11 5.6 (2.0,15.0) 4.6 (2.6,8.2) 
22 8.9 (5.3,14.8) 3.6 (0.2,59.6) 
Jul 2 4.9 (1.5,15.7) 4.2 (0.6,27.0) 
13 3.3 (0.8,13.1) 3.2 (0.4,23.2) 
22 1.6 (0.6,4.3) 2.8 (0.3,31.1) 
Aug 3 2.2 (0.3,15.0) 3.2 (0.4,23.2) 
12 1.4 (0.3,7.0) 1.3 (0.5,3.4) 
21 6.3 (5.1,7.9) 4.8 (0.7,34.7) 
